THE JOURNAL 


J 
fe 
[= 
| 
| 
| 
i 
we 


é 


THE JOURNAL 


EXPERIMENTAL MEDICINE 


EDITED 


SIMON FLEXNER, M.D. 


VOLUME THIRTY-FIRST 
WITH NINETY-SEVEN PLATES AND EIGHTY-ONE 
FIGURES THE TEXT 


NEW YORK 
THE ROCKEFELLER INSTITUTE FOR MEDICAL RESEARCH 


1920 


| 
: 
‘ 
os 
je 
2 
ct 
é 
| 
| 
2 


1920, THE ROCKEFELLER INSTITUTE FOR MEDICAL RESEARCH 


WAVERLY PRESS 


, 
| 
| 
| 
fries 


CONTENTS. 


JAMEs B., and NAKAHARA, The lymphocyte 
natural and induced resistance transplanted cancer. 
Histological study the lymphoid tissue mice with in- 
duced immunity transplanted cancer. 

NAKAHARA, WARO, and Studies x-ray 
effects. Effect small doses x-rays low penetra- 
tion the lymphoid tissue mice. 

PETER K., and and antitoxins 

Brown, The cultural differentiation beta hemo- 
lytic streptococci human and bovine origin............ 

Brown, and Orcutt, Marion Dairy infection 
with Streptococcus epidemicus. 

PAPPENHEIMER, ALWIN M., and The effects 
intravenous injections dichloroethylsulfide rabbits, 
with special reference its leucotoxic action. Plate 10.... 

W., and MANALANG, Fungous developmental 
growth forms Bacillus influenze. preliminary note. 

pensions 


SMITH, THEOBALD. Mycosis the bovine fetal membranes due 
FLEXNER, SIMON, and Amoss, Experiments the 
nasal route infection 
Etiology yellow fever. Compara- 
tive immunological studies Leptospira icteroides and 
Leptospira 


PAGE 


105 


115 


123 


« 
3 5 
Beet 
135 


CONTENTS 
Etiology yellow fever. XI. Serum 
treatment animals infected with Leptospira icteroides.... 159 
Lewis, A., and The sterilization 
Lawson, Mary Crescentic bodies estivo-autumnal 
malaria; their migration and attachment the surface 
the red corpuscle. Plates and 201 
GRAHAM, The hemic basophil. 209 


No. Marcu 1920. 


CARROLL G., and Luis. Pneumococcus cul- 
tures whole fresh blood. The retardative effect the 
blood immune animals and the mechanism the phenom- 

GEORGE W., and OLIVER, Ex- 
periments the production specific antisera for infections 
unknown cause. III. The effects serum precipitin 
animals the species furnishing the 253 

talline strophanthin aqueous solution. Its relation 
hydrogen ion concentration and method for its prevention. 267 

WARREN centrospheres degenerating mesen- 

MARGARET REED. The formation vacuoles due 
Bacillus typhosus the cells tissue cultures the intestine 


the chick embryo. Plates and 19.................. 293 
Happ, Appearance isoagglutinins infants and 


WARREN R., and JoHN T., Jr. Effect 
feeding the pineal body upon the development the albino 


335 


CONTENTS Vii 


Jones, Source and significance streptococci market 


ALLEN, FREDERICK Experimental studies diabetes. 
Series Production and control the dog. 
Gross anatomic relations the pancreas and 363 

ALLEN, FREDERICK Experimental studies diabetes. 
Series Production and control diabetes the dog. 

perimental pneumonia. Production pneumococcus 
lobar pneumonia monkeys. Plate 21.................. 403 

perimental pneumonia. II. Pathology and pathogenesis 
pneumococcus lobar pneumonia monkeys. Plates 

Brown, H., and Experimental syphilis 
the rabbit. Primary infection the testicle. Plates 


No. May 1920. 


mental pneumonia. III. Spontaneous pneumonia mon- 

L., and BLAKE, Studies experi- 
mental pneumonia. IV. Results prophylactic vaccina- 
tion against pneumococcus pneumonia monkeys......... 519 

ALLEN, FREDERICK Series 
Production and control diabetes the dog. 

ALLEN, FREDERICK ondiabetes. Series 
Production and control diabetes the dog. 
Control experimental diabetes fasting and total diet- 


* 
milk 347 
2 


CONTENTS 


ALLEN, FREDERICK Experimental studies diabetes. 
Series Production and control diabetes the 
Various failures dietetic treatment, and their causes. 

tal blood liver maintenance. demonstration liver 
atrophy conditional compensation. Plates 

blackhead turkeys under approximately natural con- 

GRAYBILL, W., and THEOBALD. Production fatal 
blackhead turkeys feeding embryonated eggs 
papillosa 


mental pneumonia. Active immunity against experi- 
mental pneumococcus pneumonia monkeys following vac- 
cination with living cultures pneumococcus............. 

mental pneumonia. VI. Active immunity following experi- 
mental pneumococcus pneumonia monkeys............. 

Brown, H., and PEARcE, Experimental syphilis 
the rabbit. II. Primary infection the scrotum. Part 

WADE H., and Experimental syphilis 
the rabbit. Primary infection the scrotum. Part 
Scrotal lesions and the character the scrotal infection. 

Brown, WADE H., and Experimental syphilis 
the rabbit. III. Local dissemination, local recurrence, and 
involvement regional lymphatics. Plates to97...... 

INDEX VOLUME 


587 


609 


633 


647 


657 


685 


709 


729 


765 
785 
‘ 


THE JOURNAL 


EXPERIMENTAL MEDICINE 


EDITED 
SIMON FLEXNER, M.D. 


VOLUME NO. JANUARY 1920 


PUBLISHED MONTHLY 
MOUNT ROYAL AND GUILFORD AVES., BALTIMORE, MD. 


THE ROCKEFELLER INSTITUTE FOR MEDICAL RESEARCH 


1920, THE ROCKEFELLER INSTITUTE FOR MEDICAL RESEARCH 


Entered second-class matter June 1916, the Post Baltimore, Md., under the act March 1879. 
Acceptance for mailing special rate postage provided for Section 1103, Act October 1917. 
Authorized June 29, 1918. 


SSE 
AS 


PUBLICATIONS THE ROCKEFELLER INSTITUTE FOR MEDICAL RESEARCH 


THE JOURNAL EXPERIMENTAL MEDICINE 


DONALD VAN SLYKE, New York, 


EDITED 

SIMON FLEXNER, M.D. 

The Journal Experimental Medicine designed cover the field experimental medicine, 
Information regarding contributions and subscriptions given full the back cover. 

THE JOURNAL BIOLOGICAL CHEMISTRY 

EDITED 

DAKIN, New York, LAFAYETTE MENDEL, New Haven, Conn. 


The Journal Biological Chemistry designed for the prompt publication original investigations 
chemical nature the biological sciences. monthly. Each volume consists many 
numbers are required make total between 500 and 600 pages. The subscription price $3.00 
per volume subscribers the United States and Canada, payable advance; $3.25 those other 
countries. The number volumes issued yearly averages four. The price single copies varies; 
given the back cover each number. Remittances should made draft check New 
York, postal money order, payable The Journal Biological Chemistry, Mount Royal and 
Guilford Avenues, Baltimore, Md., Avenue and 66th Street, New York, 


THE JOURNAL GENERAL PHYSIOLOGY 


EDITED 
JACQUES LOEB, New York, OSTERHOUT, Cambridge, 


The Journal General Physiology devoted the explanation life phenomena the basis 
the physical and chemical constitution living matter. issued bimonthly, one volume about 
600 pages appearing year. The subscription price per year (one volume) $5.00, payable 
advance. Single copies cost $1.00. Remittances should made draft check New York, 
postal money order, payable The Journal General Physiology, Mount Royal and Guilford 
Avenues, Baltimore, Md., Avenue and 66th Street, New York, 


STUDIES FROM THE ROCKEFELLER INSTITUTE FOR MEDICAL RESEARCH 


The published results investigations conducted the Institute, under its grants, are repub- 
lished irregular intervals volumes designated Studies from The Rockefeller Institute for Medical 
Research. The subscription price $2.00 per volume, payable advance. special rate $1.00 per 
volume made those who subscribe The Journal Experimental Medicine, The Biological 
The Journal General Physiology. Remittances should made draft check 
New York, postal money order, payable The Rockefeller Institute for Medical Research, 
Avenue and 66th Street, New York, 


SEMIANNUAL LIST 


The Institute publishes Semiannual List all papers members the staff and those working 
under grants from the Institute, stating the title and place publication these reports. The 
Semiannual List will sent regularly upon application. 


WAVERLY PRESS 


— 

— 

— 

— 

— 

3 

q 

4 
q 
4 
4 
a 
“a 
ig 
— 
— 
. 


view the increased cost printing, contributors are requested 
make their text concise possible. Tabular matter and charts 
are particularly costly that these should reduced much 


possible, and charts substituted for tabular matter whenever practi- 
cable. Charts should drawn India ink, paper with smooth 
surface, and large enough stand reduction one-half one- 
third their original size. 


oa 
: 
* 


THE LYMPHOCYTE NATURAL AND INDUCED RESIS- 
TANCE TRANSPLANTED CANCER. 


JAMES MURPHY, M.D., WARO NAKAHARA, 
(From the Laboratories The Rockefeller Institute for Medical Research.) 


(Received for publication, October 29, 1919.) 


number theories have been brought forward explain the 
natural and induced resistance the transplanted cancers mice, 
but none them has covered all the facts met with general 
acceptance. 


The called athrepsia theory Ehrlich’ has been the most prominent 
these explanations, but the light more recent work apparently does not 
account for the phenomenon. theory was based the observation that 
mouse tumors inoculated into rats vice versa were capable survival and 
growth for time but would die allowed remain. If, however, the graft was 
removed from the rat during the proliferative stage and then returned the 
mouse would continue grow and after period could again transplanted 
rats. This zigzag grafting could continued indefinitely. The interpreta- 
tion offered Ehrlich was that each species produces specific and limited 
amount food substance necessary for growth (substance X). The temporary 
survival and growth the mouse tumor the rat was accounted for the 
amount substance carried over with the graft, and when this was exhausted 
the mouse tissue died from lack food. When the tumor was returned the 
mouse would accumulate fresh supply the substance and would able 
again live for time the rat. Lambert and Hanes? showed that tissue 
one species could live and grow for some time the plasma another. 
fact, growth was almost good when the tissues were placed homologous 
plasma. demonstrated that mammalian tissue could carried through 


P., Arb. Inst. exp. Therap. Frankfurt, 1906, No. 84. 
A., and Hanes, M., Exp. Med., 1911, xiv, 129. 
Jas. B., Exp. Med., 1913, xvii, 482. 
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many generations the chick embryo without return its native species. 
Furthermore, showed that rats, when subjected suitable exposures 
were capable supporting mouse tumor active growth over pro- 
longed periods with repeated From the facts these investi- 
gations the athrepsia theory does not seem meet the conditions. 

theory, brought forward and strongly supported the workers 
the Imperial Cancer Research Fund, attributes cancer resistance failure 
the stroma reaction. Thus, graft resistant animal fails for lack suit- 
able blood supply and framework support growth. This explanation has not 
met with wide acceptance, for does not explain naturally acauired resistance. 
Moreover, number observers have described failure cancer grafts re- 
sistant animals which there abundant vascular and stroma reaction 

finding identical histological reaction resistant animals, 
whether the immunity was induced natural, concludes that the same factors 
are responsible for both conditions. The chief difference the time which 
the reaction takes place, which earlier the animals with induced resistance 
than those with natural resistance. expresses the idea that the associ- 
ated “inflammation” the defensive factor. The reaction characterized 
the early stages accumulation polymorphonuclear leucocytes around the 
graft, followed later lymphocytic infiltration and increase the connective 
tissue elements. The first stage, the polymorphonuclear accumulation, the 
same the susceptible and resistant animals and may disregarded 
consideration the immunity factors. Tyzzer suggests that the failure the 
graft these cases due choking the blood supply and starvation 
the introduced cells. The view have favored that the immunity due 
cellular reaction but that the lymphoid elements are the important agents 
this process. 

Fano!! was the first call attention the lymphocyte the possible 
active agent cancer immunity. noted the fact that there was not only 
accumulation about the graft resistant animals but also increase the 
numbers these cells the subcutaneous tissues. observed per- 
centage increase the circulating lymphocytes very small series immune 


Jas. B., Am. Med. Assn., 1914, 1459. 

Russell, G., Bashford, F., 3rd Sc. Rep., Imperial Cancer Research 
Fund, 1908, 341. 

Burgess, M., Med. Research, 1909, xxi, 575. 

P., Am. Med. Assn., 1910, lv, 1805. 

Goldmann, E., Beitr. klin. Chir., 1911, 

Levin, I., Exp. Med., 1911, xiii, 604; xiv, 139. 

Tyzzer, E., Cancer Research, 1916, 125. 

Baeslack, W., Orig., 1913-14, xx, 421. 
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animals. Murphy and first showed that there was actual increase 
the circulating lymphocytes animals during the development active re- 
sistance, both when induced and when naturally acquired. The workers this 
laboratory have extended this work show close relation between the lym- 
phocyte reaction and the resistance cancer. Mice rendered potentially im- 
mune the injection blood can made susceptible the destruction the 
lymphoid mice tested immunity, after suitable exposure 
x-rays, become susceptible These observations Murphy and 
his coworkers have been confirmed and extended Mottram and 
over, the former found that animals with artificially induced lymphocytosis!® 
become highly resistant cancer implants they following tissue injec- 
the latter experiment parallelism was noted between the number 
lymphocytes the blood and the number mitotic figures the spleen and 
lymph 


the work presented this paper study has been made the 
lymphoid organs animals with induced immunity cancer 
establish further link the evidence associating the lymphocyte 
with cancer immunity and ascertain possible the source and 
nature the blood lymphocytosis. the course the experiments 
histological examination was made the changes the subcu- 
taneous tissue order check and possibly extend the earlier obser- 
vation Fano." 


The material for the study has been collected the course five 
experiments embracing over 100 mice, described the following 
protocols. 


Experiment white mice were given injection 0.3 cc. 
defibrinated mouse blood the subcutaneous tissue the back. Three mice 
were killed the 6th day and three the 10th day after the immunizing in- 


Jas. B., and Morton, J., Med., 1915, xxii, 204. 
Murphy, Jas. B., and Taylor, D., Exp. Med., 1918, xxviii, 
C., and Russ, S., Proc. Roy. Soc. London, Series 1917, 

Murphy, Jas. B., and Morton, J., Exp. Med., 1915, xxii, 
Jas. B., and Sturm, E., Exp. Med., 1919, xxix, Thomas, M., Taylor, 
D., and Witherbee, D., Exp. Med., 1919, xxix, 75. 

Jas. B., and Sturm, E., Exp. Med., 1919, xxix, 25. Russ, S., 
Chambers, H., Scott, M., and Mottram, C., Lancet, 1919, 692. 
Nakahara, W., Exp. Med., 1919, xxix, 17, 83. 
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jection. The remaining twenty-eight mice were inoculated, days after the 
blood injection, with bits Bashford Adenocarcinoma No. 63. They were 
killed for histological examination groups, hours, and 15, 25, and 
days after the inoculation. 

Experiment white mice were immunized with subcutaneous 
injection defibrinated blood Experiment They were killed groups 
and hours, and and days after the treatment and sections taken 
the lymphoid organs. 

Experiment mice were immunized the previous experiments and 
days later were inoculated with bits Bashford Adenocarcinoma No. 
Experiment They were killed groups and tissues taken daily intervals. 
from hours days after the inoculation. 

Experiment 4.—Twenty-eight normal mice were immunized before. Four 
mice were killed for tissues days the 10th day after immuni- 
zation four more were killed. The remaining twenty immunized mice were 
inoculated with bits Bashford Tumor No. days after the immunizing 
injection. They were killed groups for tissues 15, 25, and days after 
the inoculation. 

Experiment normal white mice were inoculated intraperitoneally 
with 0.6 cc. defibrinated blood from normal mice. These were killed, three 
time, hours, and and days after the inoculation, and the subcutaneous 
connective tissue was taken for examination. 


All the mice used the experiments were about the same size 
and were from the same stock. The virulence the tumors used 
each experiment was tested inoculation into number normal 
mice. 

The fixative used for tissues was Conroy’s 6-3-1, and the staining 
was done with Heidenhain’s iron-hematoxylin for mitotic figures and 
eosin-methylene blue for other general purposes. most instances 
loose connective tissue from the subcutaneous layer was carefully 
spread over the slide, fixed with absolute alcohol, and stained with 
methylene blue and eosin. Blood films were treated with Wright’s 
stain. 


OBSERVATIONS. 


Much variation has been noted the extent the reaction 
different animals. has been shown experiment that certain 
percentage mice are not immune after tissue injection but will grow 
tumors actively. the earlier stages the immunity reaction 
which have studied the lymphoid tissue unfortunately im- 
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possible predict which the animals would have fallen into the 
non-immune group. Therefore are unable say whether the 
animals failing show the typical reaction the majority would 
have proved non-immune they had been allowed live. 

stimulation germinal centers was manifest 
hours after the blood injection. section taken this stage 
average nodule usually contained few well marked mitotic figures, 
three five rule, more rarely six seven. All stages mitosis 
were easily distinguished. Among the cells the germinal center 
were found few large cells with pycnotic and fragmented nuclei. 
There was the usual number pigmented cells and megalocaryocytes 
the pulp spaces. ‘The frequency mitosis the germinal center 
after days was apparently greater than before (Fig. 1). There was 
also slight increase the number pigmented cells and megalo- 
caryocytes. After days the number mitotic figures was seen 
decrease somewhat. The abundance megalocaryocytes and 
pigmented cells this time was about the same before. There 
were small groups pycnotic cells appearing the pulp about 
this period. Similar conditions seemed continue until about 
days, when the proliferative activity germinal centers returned 
nearly the normal level, but few mitotic figures were seen this 
period also. Moderate numbers pycnotic cells were also found 
the nodules. 

The cytological condition just described was more strongly marked 
hours after the cancer inoculation (Fig. 2). this period 
there was general enlargement the splenic nodules and the latter 
contained numerous mitotic figures. The change was far more 
extensive than that occurring the previous period. The number 
pycnotic cells the nodules was insignificant. 

The enhanced cell division was conspicuous for about week fol- 
lowing the cancer inoculation, but after this period the normal rate 
was gradually resumed. ‘Toward the later period large numbers 
pycnotic cells were found the nodules, but pigmented cells were 
always infrequent. 

About days after the inoculation the general histological 
ance the organ had returned approximately normal. 
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Lymph Glands.—The cytological changes observed the mesen- 
teric and inguinal lymph glands were very similar those found 
the spleen. distinct acceleration the rate cell division the 
lymph glands was observed hours after the immunizing injection. 
Dividing cells were numerous the germinal centers the nodules 
and were not infrequent even the lymph cord. hours the 
number dividing cells was more less decreased, but there was 
considerable variation among individual mice. Slight stimulation 
was indicated the unusual frequency mitosis late days 
after the treatment. appreciable change was observed the 
medulla. 

The germinal center the nodule became decidedly restimulated 
soon after the cancer inoculation, evidenced numerous mitotic 
figures, and this condition, less degree, lasted for con- 
siderable length time. About days after the inoculation, 
probably little earlier, cell division the nodule subsided the 
normal rate. 

special change has been observed any other part the gland. 

Circulating Lymphocytes the circulating blood 
immunized animals were often seen the process amitosis, espe- 
cially during the first several days after the inoculation cancer. 
Amitosis was observed large well small lymphocytes, but more 
frequently the former. Cells typical stages amitosis were 
found among others showing irregularly shaped, lobulated nuclei. 

The accepted interpretation amitosis that not method 
cell but means increasing the nuclear surface 
meet intensified metabolic activities the the lympho- 
cytes are presumably their active functioning stage the period 
just indicated, this conception may, the present state our 
knowledge, applied the case under consideration. Even two 
caryomeres produced amitosis eventually separate into two ap- 
parent would not warranted present considering 
the process evidence genuine cell multiplication, especially view 
the scanty amount cytoplasm possessed the resulting cells. 


Conklin, G., Biol. Bull., 1917, 396. 
Nakahara, W., Morphol., 1917-18, xxx, 483. 
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Subcutaneous Connective early hours after the 
injection the blood well marked cellular reaction was seen the 
connective tissue about the groups red cells. The great majority 
cells participating this reaction were small lymphocytes. Other 
types cells such polymorphonuclear leucocytes and macrophages 
After about days, when the injected blood became more 
generally distributed the subcutaneous connective tissue, the local 
reaction became more Now, besides the large number 
lymphocytes, plasma cells considerable number (Fig. were 
present, and macrophages, which were few earlier periods, became 
abundant. Owing the wide distribution this period the in- 
jected red cells, was found that extensive area the subcutaneous 
tissue showed numerous lymphocytes and other white cells. Soon 
the area infiltrated red cells diminished, and there was corre- 
sponding lessening the lymphoid reaction. This 
continued for about days, after which time only slight traces 
blood could recognized. 

The cellular reaction about the cancer graft naturally resistant 
artificially immunized animals bears close similarity the reaction 
described above. has been shown many previous investi- 
gators, extensive inflammatory reaction, which lymphoid 
nature, precedes the destruction the cancer tissue, but the reaction 
around the graft subsides promptly after the latter becomes completely 
necrotic. 

The cells which participate this reaction are both instances 
mainly lymphoid. Fano’s" cellular analysis the inflammatory 
reaction about the regressive cancer shows that the lymphocyte, 
plasma cell, and macrophage are characteristic the reaction. Since 
these cells are usually absent normal subcutaneous tissue the 
mouse, much significance has been attached their abundance 
about the neoplasm. 

addition the local reaction about cancer tissue, Fano 
claims that the plasma cells which are absent normal connective 
tissue the mouse appear hours after the injection the blood 
for immunization and they become more numerous the succeeding 
days until the 4th day, when small groups the cells are seen every 
section. While Fano’s statements were confirmed some our 
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experiments, others failed confirm them. found 
lymphoid proliferation the loose connective tissue distance from 
the area infiltrated with red blood cells, and the loose connective tissue 
was found apparently normal, even when local lymphocytic 
infiltration was well pronounced about the injected blood cells 
cancer graft (compare Figs. and Fano has misinter- 
preted the local reaction about the mass injected blood cells 
general reaction immunity becomes clear when the immunizing dose 
given intraperitoneally. the latter case although the immunity 
effective, appreciable lymphoid proliferation the loose con- 
nective tissue results. 

Other Organs.—The thymus and thyroid glands, the liver, kidney, 
and bone marrow were studied, but special changes were detected. 
few instances there was rather unusually large number 
mitotic figures the cells the thymus, and mitotic figures were 
often seen among the lymphoid cells about the vessels the liver. 
But these active cells were either too few number too inconstant 
occurrence more than mentioned connection with the 
reaction. 


DISCUSSION. 


The conclusions suggested the work Murphy and Morton 
regarding the the lymphocyte immunity transplanted 
cancer are not only harmony with previous observations the 
factor resistance heteroplastic tissue grafting and cellular 
reactions about the cancer graft animals with natural induced 
immunity, but have sustained subsequent experimental tests well. 
objection which may raised against the original work that 
the evidence lymphoid proliferation was based entirely upon the 
results blood cell counts. for instance, appreciating the 
wide range variability the white cell counts the tail vein 
normal mice, expresses the opinion that the increase the number 
lymphocytes the blood immune mice indicated Murphy 
and Morton may probably greatly exaggerated. The validity 
this objection has now been set aside the present cytological work, 
which shows that, accompanying the lymphocytosis, there corre- 
sponding enhancement the rate cell division lymphoid centers. 
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the same article Tyzzer points out, considerable significance, 
‘the fact that change the lymphocyte count the mice seen 
-after the immunizing injection, while, matter fact, “‘an animal 
treated now possesses qualities which were previously absent, 
other the light the facts brought 
the present paper this point may simply mean that the newly 
formed lymphocytes not get into circulation sufficient number 
change the general blood picture until the inoculation cancer 
made. now clear that animal which has become potentially 
immune possesses hypertrophic lymphoid elements, although this 
fact not reflected the blood counts. However, the mechanism 
the lymphoid reaction has become, were, sensitized that 
very small amount tumor sufficient induce relatively large 
blood lymphoid response. 

Another finding special interest the similarity the cellular 
reaction about the injected blood that about the cancer graft 
the immunized animal. The types cells which participate the 
reaction are both instances primarily lymphoid, including large and 
small lymphocytes, plasma cells, and phagocytic cells. Moreover, 
the two reactions are regarded the same nature that 
they longer continue after the invading cells This point 
becomes more significant when taken together with the fact that the 
cells the lymphoid centers respond the same way the blood 
injection they the cancer inoculation, the only difference 
being one degree. seems probable, therefore, that the lymphoid 
cells untreated animal are sufficient quantity and quality 
efficient defensive mechanism against such cells red blood 
cells, with proliferative ability, and against such other tissues 
have been used produce immunity, such spleen, embryonic 
tissue, skin, etc. result the primary stimulus the capacity 
the lymphoid tissue react has become enhanced that capable 
massive reaction when the cancer inoculated. 

The irregularity the results described our present experiments 
were expected. well known that proportion mice 
immunized cancer show more resistance than normal mice, 
while still others the resistance cancer growth first not 
evident, the defensive mechanism asserting itself sufficiently over- 
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come the cancer only after period growth has occurred. Unfor- 
tunately the time the greatest changes the spleen and lymph 
glands impossible predict which way the animals would have 
arranged themselves according this grouping. take example, 
ten mice are inoculated with cancer fragments days after receiving 
injection. they are allowed live the result would 
follows, judging the average experiment with our strain 
tumor: about two would develop tumors, about two more would show 
temporary growth followed retrogression, and the remaining six 
would immune from the beginning. all these animals are killed 
during the first few days after inoculation have way com- 
paring the extent the reaction the spleen with the degree 
immunity which the animal might have shown allowed live. 
Therefore would expect, the changes the spleen and lymph 
glands are index the immunity, only proportion the mice 
show marked reaction and from per cent delayed reaction. 
our previous studies the blood was noted that the degree 
immunity followed fairly closely the extent the lymphocytosis. 


SUMMARY AND CONCLUSIONS. 


Mice immunized against cancer means injection defibri- 
nated blood show the germinal centers the lymphoid organs 
marked increase the numbers mitotic figures. The increase 
becomes evident hours after the injection the majority in- 
stances and reaches its climax about the 5th day. After this time 
subsides, returning the normal rate about the 10th day. 

These immunized animals, when inoculated with cancer graft 
days after the injection, show second stimulation the lymphoid 
centers similar the first but more intense character. This 
increase the number mitotic figures becomes evident early 
hours after the cancer inoculation and persists marked degree 
for week, after which there gradual return the normal rate. 

The lymphocytes the circulating blood during the establishment 
the immunity show frequent examples amitotic division, and 
many examples irregular and lobulated nuclei. These changes 
suggest intensified functional activity. 
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Contrary the statement Fano, cellular reaction the sub- 
cutaneous tissues immunized animals present only the region 
infiltrated the injected cells. This fact becomes conspicuous 
when the immunizing injection given intraperitoneally, which 
case cellular accumulations are noted the loose connective tissues. 

constant cellular changes were noted the bone marrow, 
thymus thyroid gland, liver, kidney the treated animals. 


EXPLANATION PLATES. 


Fic. Germinal center the spleen days after the blood injection. 
mitotic figure. 


Fic. The same, hours after the cancer inoculation the immunized 
mouse. mitotic figure. 


PLATE 


Fic. Lymphoid infiltration the subcutaneous tissue immunized 
mouse, the dark background indicating the presence injected blood. 

Fic. portion subcutaneous tissue immunized mouse free from 
the injected blood, showing apparently normal cellular conditions. 
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(Murphy and Nakahara: Resistance to transplanted cancer. V.) 


PLATE 
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(Murphy and Nakahara; Resistance to transplanted cancer. V.) 
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STUDIES X-RAY EFFECTS. 


THE TISSUE MICE. 


WARO NAKAHARA, anp JAMES MURPHY, M.D. 
(From the Laboratories The Rockefeller Institute for Medical Research.) 


(Received for publication, October 29, 1919.) 


The destructive effect x-rays the lymphoid tissue was early 
noted the study the biological effects this agent. The stimu- 
lating action this agent the circulating lymphocytes was first 
observed this laboratory and was applied experimentally the 
study x-ray effects spontaneous tumors The earlier 
work was carried out with the old type gas tube, with which was 
difficult regulate the amount and character rays used, and there- 
fore attempt was made standardize the dosage. This difficulty 
has largely been overcome the use the Coolidge tube. The 
stimulating dose for rabbits has been The work Russ, 
Chambers, Scott, and confirms our earlier observation 
the stimulative action mice. 

our experiments with rabbits histological study paralleling the 
blood counts confirmed the general nature the stimulation 
showing marked increase the number mitotic figures the 
germinal centers the lymphoid organs these mice 
are the animals used most extensively our experiments, was 
regarded important duplicate the histological study the 


Murphy, Jas. B., and Morton, J., Exp. Med., 1915, xxii, 800. 
Thomas, M., Taylor, D., and Witherbee, D., Exp. Med., 1919, 
xxix, 75. 
S., Chambers, H., Scott, M., and Mottram, C., Lancet, 1919, 
692. 
W., Exp. Med., 1919, xxix, 83. 
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lymphoid organs the latter animals after stimulating dose 
x-rays. With this end view, the following experiments were 
undertaken. 


Methods. 


the analysis the artificial stimulation the lymphocytes the 
reaction the lymphoid germinal centers must studied first. The 
spleens and lymph glands from the stimulated animals were fixed with 
Conroy’s fluid and stained with Heidenhain’s iron-hematoxylin. 
The reaction was analyzed mainly from the standpoint the fre- 
quency mitosis. 


EXPERIMENTS. 


Experiment 1.—Seven normal white mice were placed glass jar and exposed 
the following dose x-rays: spark-gap inch between points, milliamperage 
25, distance from the target the back the animal approximately inches, 
time minutes. The top the jar was covered shield the animal from 
the heat the tube. The mice were killed hours, and 10, 12, and 
days, respectively, after the treatment and the lymphoid organs examined 
histologically. 


hours after treatment numerous degenerated cells, with pycnotic 
fragmented nuclei appeared the spleen (Fig.1). The Malpighian 
bodies were small and inconspicuous. The general histological con- 
dition simulated somewhat the picture described and 
after massive dose x-rays, but the changes were not 
extensive. appreciable amount pigment was seen, but there 
was moderate number mitotic figures distributed irregularly. 
The necrotic changes were not marked the lymph glands 
the spleen, but mitotic figures were almost totally absent from the 
former. 

days after treatment the necrotic cells were found decreased 
number. The Malpighian bodies the spleen were more less 
evident but showed few mitotic figures. 

After days, and days, the general histological condition 
the lymphoid organs was about normal. There was increase 
the number mitotic figures. 


Heineke, H., Mitt. Grenzgeb. Med. Chir., 1905, xiv, 21. 
Warthin, Physician and Surg., 1907, xxix, 
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must concluded that lymphoid stimulation occurred the 
mice used the preceding experiment. The dose x-rays used was 
one which yielded evidences lymphoid stimulation without appre- 
ciable destruction rabbits. 


Experiment normal white mice were treated the same way and 
with the same dose x-rays the mice Experiment except that the time 
exposure was reduced minutes. These animals were killed hours, and 
and days, respectively, after the treatment and the lymphoid organs studied. 


considerable increase the number mitotic figures the 
nodule the spleen (Fig. was seen hours and days after 
treatment with x-rays. The rough estimate the average number 
these figures section one nodule the spleen was five six 
these periods. striking contrast with the normal condition, 
which mitotic figures splenic nodule are few. other 
special change was observed, except appreciable increase pycnotic 
cells the pulp hours after x-rays. This, however, was not 
conspicuous the previous experiment. 

The lymph glands showed equally pronounced increase the 
mitotic figures the corresponding period (Fig. 3), and figures were 
also seen frequently the medulla. 

days after the x-ray treatment the spleen and lymph glands, 
regards the number mitotic figures, were normal appearance, but 
gave the impression having more abundant lymphoid elements. 


Experiment normal white mice were x-rayed before. this 
experiment, however, the time exposure was reduced minutes, the other 
factors remaining unchanged. The mice were killed hours, and 10, 
and days, respectively, after the exposure. 


Histological examination the lymphoid organs showed marked 
change, regards the number mitotic figures, throughout the 
periods studied. Moreover, the evidences destruction which were 
marked the first experiment and much less the second one 
were not present. 

From the three series experiments described may say that the 
indication that stimulation lymphoid tissue the mouse may 


cor 


establish this point the following additional experiments were made,. 
triplicating Experiment 


Experiment 4.—Three normal mice were exposed x-rays the same quality 
the previous experiments for minutes. They were killed hours, and 
and days, respectively, after the treatment. 

Experiment normal mice were treated with the minute dose 
before and were killed hours, and and days, respectively, 
treatment. 


the mice killed hours and days after treatment Experi- 
ment and those killed hours and days after treatment 
Experiment abnormally large number mitotic figures was. 
observed the lymphoid centers, just had been observed Experi- 
ment The other mice this series showed such change. The 
initial destruction was the same that observed Experiment 


DISCUSSION. 


The uniformity the changes, shown the three experiments, 
both extent and period occurrence, cannot considered 
mere coincidence. concluded, therefore, that the small 
dose x-rays employed these experiments capable stimulating 
proliferation the lymphoid tissue mice. 

interest note this connection the apparent relation 
between the extent cellular destruction and the degree cellular 
stimulation, shown Table would seem from these obser- 
vations that certain amount destruction followed prolifera- 
tion, which occurs very slightly, all, after too much too little 
destruction. While definite conclusion should drawn this 
point from our small series experiments, they seem sufficient 
interest reported. 


TABLE 
Time exposure. Destruction. Stimulation. 
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From our present knowledge the subject safe say that the 
quantitative increase the lymphoid elements the body mainly 
due the hyperactivity the lymphoblastic tissue the lymphoid 
organs. Because this activity hypertrophy lymphoid organs, 
especially the Malpighian bodies, and lymphocytosis the blood 
may Theoretically, regards the number these cells 
thrown into the circulation, conceivable that individual ani- 
mals may react differently even with equal stimulation the 
lymphoid organs. Cases have been observed which the blood 
lymphocytosis was due apparently the mere emptying the 
lymphoid organs without corresponding actual increase the 
lymphoid cells having taken place; and the histological studies just 
described have certainly given more nearly uniform evidence stim- 
ulation than have blood counts. 


CONCLUSION. 


dose x-rays governed the following factors induces stimu- 
lation lymphoid tissue mice: spark-gap inch, milliamperage 25, 
distance inches, time exposure minutes. Within days after 
this dose there appeared abnormally large number mitotic figures 
the lymphoid tissue spleen and lymph glands, indicating 
acceleration the proliferative activity the tissue. 


EXPLANATION PLATES. 


PLATE 
Fic. splenic nodule, hours after minute exposure the small 
dose x-rays. Note the abundance pycnotic cells. 
PLATE 
Fic. splenic nodule, hours after minute exposure the small 
dose x-rays. mitotic figure. 
PLATE 


Fic. nodule the mesenteric lymph gland, days after minute 
exposure the small dose x-rays. mitotic figure. 
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TOXINS AND ANTITOXINS BACILLUS 
SHIGA. 


(From the Laboratories The Rockefeller Institute for Medical Research.) 


(Received for publication, November 1919.) 


The nature the toxin the Shiga dysentery bacillus has been 
studied number bacteriologists, notably Shiga,! Neisser and 
Shiga,? Vaillard and Kraus 
and Doerr,’ Flexner and Bessau," and 
But agreement its precise nature has yet been 
reached. 

The chief discrepancies experimental results and deductions 
arrived from them may perhaps due difference method 
preparing the toxin. Those who regarded the latter endotoxin 
prepared washing off the growth agar slants with saline solu- 
tion, shaking, heating 56° 60°C., incubating for hours, 
and filtering through Berkefeld candle. Those, the other hand, 
who viewed exotoxin obtained growing the bacilli 
alkaline broth for period weeks and then filtering. 


Shiga, K., Centr. Bakteriol., Abt., 1898, xxiii, 599. 

Neisser, M., and Shiga, K., Deutsch. med. Woch., 1903, xxix, 61. 

H., Deutsch. med. Woch., 1903, xxix, 26, 

L., and Dopter, C., Inst. Pasteur, 1903, xvii, 486. 

Rosenthal, L., Centr. Bakteriol., Abt., Ref., 1904, xxxiv, 503; Deutsch. med. 
Woch., 1904, xxx, 235. 

Todd, C., Brit. Med. J., 1903, ii, 1456; Hyg., 1904, iv, 480. 

Kraus, R., and Doerr, R., Wien. klin. Woch., 1905, xviii, 158, 1077. 

Flexner, S., and Sweet, E., Exp. Med., 1906, viii, 514. 

Doerr, R., Das Dysenterietoxin, Jena, 1907, ff. 

Pfeiffer, Centr. Bakteriol., Abt., Ref., Beilage, 1908, xlii, 

Bessau, G., Centr. Bakteriol., Abt., Orig., 1910, 27. 

Liidke, H., Die Bazillenruhr, Jena, 1911, 90. 


BACILLUS SHIGA 


Our studies the toxic products yielded the Shiga bacillus have 
led the conclusion that this microorganism growing vitro 
produces two poisons, one endotoxin, the other exotoxin, which 
can separated experimentally and can also shown attack 
different anatomical structures the rabbit and set two 
distinct kinds pathologic effects. 

Shiga first pointed out that the bacillus which bears his name 
highly toxic for the rabbit, and this animal has remained the chief one 
for demonstrating experimentally the pathogenic action the micro- 
organism. The Shiga bacillus its poisonous products induces two 
kinds marked lesions the rabbit; one localized the intestine, 
and the other the central nervous system. 


The first comprehensive study the lesions the central nervous system was 
made concluded that the central nervous system usually 
the seat serious lesions which may occur any portion the system, al- 
though the medulla most often affected. The gray matter, and almost exclu- 
sively the anterior horns, show chromatolysis the neurons varying degree 
and, besides, times, areas necrosis which destroy the cellular elements and 
myelin fibers, leaving scarcely any vestiges them. the same time there are 
intense hyperemia and even hemorrhages invading the tissue. The white 
matter intact. short, the lesion that acute myelitis, often 
anterior poliomyelitis, and sometimes polioencephalitis well. 

The intestinal lesions were studied Flexner and who state that they 
vary intensity. The coats the large intestine are greatly thickened in- 
flammatory edema, which case the mucosa yellowish white and thrown into 
deep folds and corrugations, more less hemorrhage may associated with 
the edema. another time the transverse folds mucous membrane are 
affected chiefly; they are swollen, the edges are hemorrhagic, and 
brane scattered over the surface. Or, again, the transverse folds are greatly 
affected and the intervening mucosa less affected, while patches swollen 
and hemorrhagic mucous membrane, covered with false membrane, appear 
upon and between the folds. The hemorrhage may extend into the serous coat. 


The Exotoxin Bacillus dysenterie Shiga. 


Preparation the studies were made 
media favoring high yield exotoxin well the conditions 
influencing its production. The following protocols are illustrative. 


Dopter, C., Les dysenteries, Paris, 1909, ff.; Ann. Inst. Pasteur, 1905, 
xix, 353. 
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Yield Toxin Plain Broth and Egg Albumin quantity plain 
meat infusion broth was divided into two lots. the first was added one-third 
its volume per cent egg albumin solution. Both lots were adjusted 
7.8 and were inoculated with the same amount hour broth culture 
Shiga bacilli, Strain After incubating for days the cultures were 
filtered through Berkefeld candle and tested rabbits weighing 1,500 
gm. Table shows the results. 

TABLE 


Toxin Plain Broth and Egg Albumin Broth. 


Medium. Results. 
ce. 
Plain broth. 1.0 Paralysis posterior extremities hrs. 
Died hrs. intestinal lesions. 
Recovered. intestinal symptoms. 
Egg albumin broth. 1.0 Paralysis anterior extremities hrs. 
Died hrs. intestinal lesions. 


Died hrs. intestinal lesions. 


egg albumin broth were placed liter flask giving the medium surface 
diameter cm. and depth equal amount was placed 500 
cc. flask giving the medium surface diameter cm. and depth cm. 
Both lots were inoculated with Shiga bacilli, Strain 109, incubated for days, 
filtered, and tested (Table II). 


TABLE 
Toxin Media with Different Degrees Aeration. 


Amount 
Deep. 0.05 effect. 
“ 7 0.50 “ “ 2 “ 
Shallow. 0.01 effect. 


understood where single protocol only given that all the 
experiments were repeated one more times. 
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Relation the Reaction the Medium the Yield order 
determine the relation the reaction the medium toxin production, small 


amounts the culture fluid were tested daily with respect reaction change and 
toxic potency. 


Lot egg albumin broth, with initial reaction 7.6, was inocu- 
lated with Shiga bacilli and incubated 37°C. The results are shown Table 


Toxic 


Relation the the medium exotoxin production. 
Broth rendered sugar-free. 


evident that the changes the reaction the medium, the 
development, itself, acid, not influence the toxicity. But, 
shown Text-figs. and toxin produced the acid phase; 


appears the beginning the alkaline phase, and increases 
thereafter. 


lethal 
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TABLE 


Relation the Reaction the Medium the Yield Toxin. 


Reaction. Toxicity. 


a 


7.6 
None. 
7.4 
120 7.4 Minimum lethal 
| 
\ 
7.0 lethal 
Relation the the medium exotoxin production. 
Broth not rendered sugar-free. 
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Relation the Muscle Sugar Content the Medium the 
Lot 14, egg albumin broth, was not rendered sugar-free but otherwise was treated 
like Lot 15. There was striking difference the toxicity, revealed com- 


paring Text-figs. and removal the muscle sugar does not influence 
the toxicity. 


the basis these experiments the procedure adopted for the 
production exotoxin was follows: 


Plain meat infusion broth was mixed with one-third its volume per 
cent solution egg albumin. The latter was prepared adding one volume 
the whites eggs nine volumes water. The mixture was ad- 
justed 7.6 7.8 and quantities 500 cc. were distributed into liter 


flasks permit sufficient aeration and autoclaved for minutes pressure 
pounds. 


This medium was inoculated with one-half agar slant hour culture 
the Shiga bacillus and incubated 37°C. During the period incubation 
the contents the flasks were thoroughly shaken from time time order 
increase aeration. the end days the culture fluid was filtered through 


Berkefeld candle. The filtrate, proved free from bacteria, constituted the 
exotoxin. 


the Exotoxin. 


Pathologic rabbit very susceptible and reacts regu- 
larly the action the exotoxin, the effect depending the amount 
injected. 

sublethal dose injected intravenously results the development 
paresis paralysis the extremities within days. Both 
anterior and posterior extremities may affected; the former are 
more frequently involved. The paralytic paretic stage may endure 
for days and may followed complete partial recovery. 
During this period the animal apathetic, has appetite, and 
loses weight, but intestinal symptoms are either wholly absent 
inconspicuous. 

lethal dose injected intravenously results early paralysis and 
prostration; that is, within hours. There considerable 
loss weight. Involuntary evacuations occur but without blood 
mucus. Death follows days. The autopsy findings are 
illustrated the following protocol. 
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Rabbit (Figs. 29, 1917, 2p.m. Injected intravenously with 
0.05 cc. Exotoxin Oct. 31. Paralysis posterior extremities. Temperature 
subnormal. Nov. Prostrated. Incontinence urine. Stools 
quent, formed, without blood mucus. p.m. Died. 

Autopsy.—There were evident lesions the intestines (Fig. other 
viscera. The cerebrospinal system, however, showed severe lesions. The 
meninges were free from inflammatory reaction. The gray matter, especially 
the medulla and cervical cord, and only slightly the lumbar cord, was the 
site the effects, which consisted hemorrhage, quite extensive and visible 
the naked eye, and, even oftener, multiple, discrete, interstitial hemorrhages 
shown Fig. necrosis were scattered throughout the gray matter. 
perivascular lesion was noted. The neurons showed atrophy even com- 
plete dissolution limited areas. places there was chromatolysis, granular 
degeneration, caryorrhexis the cells. The perivascular lesion consisted 
infiltration smallround cells about the arterioles and capillaries, either 
layer about the sheath the vessels, less frequently, dense, heaped 
infiltration, shown same figure shows excess round cells 
throughout the gray matter. There was moderate edema the gray and 
white matter; otherwise the white matter and nerve fibers were not affected. 


The lesions the nerve tissue are characteristic and constant and 
agree with those described the nerve injury caused 


the whole dysentery toxin, except that did not describe the peri- 
vascular lesion. 


The following series experiments was undertaken determine 
whether this toxin the nature exotoxin. 

Period Incubation.—To satisfy the requirements the class 
true toxins, poison should show definite period incubation 
before the distinctive pathologic effects develop. 


Experiment 1917. Rabbit injected intravenously with 0.05 cc. 
Toxin1. Rabbit injected similarly with 0.1 cc. Oct. Mus- 
cular weakness both anterior extremities. Loss 115 weight. Oct. 10. 
Recovered. Rabbit injected similarly with 0.5 cc. Oct. days later). 
Muscular weakness right anterior extremity. Oct. 12. Flaccid paralysis 
this limb. Loss 175 gm. weight. Paralysis improving. Oct. 17. 
Recovered. Rabbit injected similarly with cc. Beginning paralysis 
hours; complete paralysis all limbs hours. Died hours. None 
these rabbits showed intestinal involvement. 


The incubation period therefore depends the dose. period 
for one minimum lethal dose usually from hours, although 
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have noted from fifteen similar sets experiments that varies 
actually from few hours days. 

Globulin point comparison with the true 
toxins relates the globulin fractionating the poison. 


Experiment 1918. Rabbit was injected intravenously with 
globulin precipitate Toxin globulin was purified and 0.2 cc. sus- 
pension saline solution, equivalent four minimum lethal doses, was injected. 
Jan. Paralysis both anterior extremities. Prostration. Loss gm. 


Autopsy.—No visceral lesions. Macroscopic hemorrhages gray matter 
medulla. 


Resistance Heat.—An important difference between exotoxin and 
endotoxin the thermolability the former and the thermostability 
the latter. 


Experiment sets rabbits were injected intravenously with four 
ten minimum lethal doses exotoxin which was heated for varying periods 
time temperatures from 60-90°C. endotoxin, described later, 
was submitted similar tests. was determined that the exotoxin was inacti- 
vated destroyed when heated 75°C. for hour. 


Production toxin yields antitoxin which will 
described detail later. 


The Law Multiple following experiment 
selected from series show that Shiga exotoxin conforms this law. 


Experiment 4.—10 cc. Toxin equivalent 100 minimum lethal doses were 
mixed with varying amounts antiexotoxic serum and incubated for hour 
37°C. series rabbits was injected intravenously and was found that 
0.001 cc. neutralized one lethal unit. other words, the antitoxic serum con- 
tained 1,000 antitoxic units. 


Three other toxins were tested with the same antitoxic serum and all were 
neutralized the same proportion. 


Specificity Neutralization.—A series control experiments 
determine the effect non-specific sera the exotoxin shows that 
neutralization obtained. 


Experiment 5.—Three series tests were made with normal horse, antitetanic, 
and antimeningococcic serum. four minimum lethal doses the exotoxin 
were mixed with cc. these sera and incubated for hour 37°C. The 
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mixtures were then injected intravenously rabbits. all instances the typical 
neurotoxic effect the toxin appeared. 


Identity Toxins Different the standpoint 
identification the toxin well specific therapy, desirable 
know whether Shiga bacillus strains from different sources yield the 
same product. were prepared from the following strains: 
No. 100 from Newport News, Virginia, artificial medium year; 
No. 109 from Poughkeepsie, New York, years; No. 114 from 
Japan, more than years; No. 114 from Germany, more than 


TABLE IV. 


Rate Production Exotoxin. 


Amount 

trate Results. Classification. 

ation. inocu- 

lated, 


7.6 

4 1.0 48 “ “ “ 

7 0.5 “ 48 “ “ “ 

lesions. endotoxin. 


tinal lesions. 


years; and No. 114 source unknown, but artificial medium for 
many years. The toxins yielded all these strains were neutralized 
the antitoxic serum produced with Strain 109. 

evident then that strains from widely different sources produce 
similar exotoxins and that the exotoxin production constant 
phenomenon the Shiga bacillus, modified slightly all pro- 
longed artificial cultivation. 

Rate period incubation the culture has 
important bearing the production and nature the toxic product. 
The prolongation incubation leads, will shown later, for- 
mation endotoxin, which complicates the results. Table IV, 
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selected from series similar experiments, shows that the exotoxin 
develops relatively early and incubation proceeds tends diminish, 
while the endotoxin production rises. 

summarize, the Shiga bacillus grown favorable medium 
yields, the first days the cultivation, the beginning the 
alkaline phase its growth, and before bacterial disintegration sets 
in, toxic product which appears the bacteria-free filtrate. This 
toxic product precipitated with the globulin fraction the protein, 
relatively thermolabile, capable inciting antitoxin formation, 
constant properties, independently the source the Shiga 
culture, and produces rabbits, after definite incubation period, 
typical lesions the central nervous system without the same 
time, obvious way, injuring the intestines. view its 
peculiar properties regard exotoxin and neurotoxin. 


The Endotoxin Bacillus Shiga. 


Preparation the production the endotoxin 
Shiga bacilli does not differ essentially from that other bacteria. 
The principle underlying all the methods that the autolysis 
dissolution the bacterial cell with the resultant liberation its 
intracellular components. Most observations with the Shiga bacillus 
have been made with endotoxins produced broth cultures pro- 
longed incubation (beyond days). When more rapid yield 
endotoxin was desired, the following method was used. 


Shiga bacilli were grown Blake bottles for hours. The growth was then 
washed off saline solution, cc. each Blake bottle, incubated for days 
37°C., and filtered through Berkefeld candle. found that with Strain 100, 


2.5 cc. the filtrate prepared this manner were lethal for rabbits weighing 
1,500 1,800 gm. 


Separation Exotoxin from Endotoxin.—The technical difficulty 
preparing pure endotoxin exotoxin directly from the Shiga bacillus 
great. Usually small amounts one are found with the other. 
establish the integrity each the two toxins and their inde- 
pendent action the rabbit, separation one from the other was 
necessary. The removal exotoxin was accomplished one 
the methods given below. 
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Experiment Separation Heat.—Toxic Filtrate was prepared grow- 
ing Shiga bacilli, Strain 100, egg albumin broth for days, and filtering. 

Rabbit intravenously with cc. (four minimum lethal 
doses) this filtrate. Paralysis left posterior extremity after hours, asso- 
ciated with persistent blood-streaked mucous discharge from the intestines. 
Died after days. 

lesions the medulla and intestines. Effects due 
mixture exotoxin and endotoxin. 

Rabbit toxic filtrate was then heated 80°C. for hour. cc. (four 
minimum lethal doses) was injected intravenously Rabbit After hours 
diarrhea but nervous symptoms. Died after days. 

Autopsy.—Large intestine showed hemorrhagic and other lesions; cerebrospinal 
nervous system normal. destroyed heat. 

Rabbit toxin was also heated 90°C. for hour. Rabbit was in- 
jected intravenously with cc. (four minimum lethal doses). effect. Exo- 
toxin and endotoxin both destroyed. 


TABLE 


Neutralization Experiments with Various Combinations. 


Shiga toxin. Class. Antiserum. Result. 
Antiexotoxic. effect. 

endotoxin. Intestinal lesions. 


Experiment Separation Filtrate was prepared 
growing the Shiga bacilli, Strain 100, two Blake bottles for hours, washing 
off with total cc. salt solution, incubating 37°C. for days, and 
filtering. 

Rabbit (Control).—Injected intravenously with cc. (four minimum lethal 
doses) Filtrate 18. After hours paralysis and intestinal symptoms. Died 
hours. 

Autopsy.—Nervous and intestinal lesions. Mixture exotoxin and endotoxin. 

Rabbit B.—Injected intravenously with cc. (four minimum lethal doses) 
Filtrate which cc. antiexotoxic serum had been added previous incu- 
bation for hour 37°C. After hours severe diarrhea and prostration. 
nervous symptoms. Died after days. 

Autopsy.—Intestinal but nerve tissue lesions. Neutralization exotoxin 
antiexotoxic serum. 

Other combinations were tested injection into rabbits shown Table 
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Nature the Endotoxin. 


Pathologic are uniformly susceptible the 
effects the endotoxin they are those the exotoxin. Ifa 
sublethal dose injected intravenously the rabbit shows, after 
hours, subnormal temperature, loss weight, and diarrhea. The 
stools are frequent and mucoid, occasionally blood-tinged. This 
condition, during which nervous symptoms are noted, endures for 
days, after which the animal returns normal. 

larger but still sublethal, lethal dose injected intra- 
venously the animal reacts within hours with subnormal tempera- 
ture, considerable loss weight, and prostration. Severe diarrhea 
arises, the stools being fluid and containing much mucus and more 
less blood. The sensory and motor functions appear normal. The 
state lasts for days, after which gradual recovery takes place, 
death follows. 

autopsy the peritoneum dull, its blood vessels are injected, 
and the peritoneal cavity contains serous fluid. The small intes- 
tines are usually unaffected except that the vessels the serosa 
may injected. Occasionally the ileum involved the same 
extensive way the large intestine. The walls the latter are 
greatly thickened, edematous, injected, and show small discrete 
hemorrhages. glairy gelatinous material covers the serous coat. 
opening the intestines the contents are found consist blood- 
tinged mucus. The villi are hyperemic; the mucosa swollen and 
reveals discrete hemorrhages and small ulcerations. Insomeinstances 
necrotic areas are seen, and one instance area 2.5 cm. wide 
encircling the cecum was gangrenous. Microscopically destruction 
the glandular elements, well superficial general necrosis, 
noted There cellular exudation the submucosa and 
considerable edema and degeneration the muscular layers. the 
main, these pathologic effects the intestine agree with the descrip- 
tion given Flexner and and others the intestinal lesions 
produced the injection the whole dysentery toxin. 

There are lesions the cerebrospinal nervous system. Hence 
this poison can regarded, contradistinction the exotoxin, 
enterotoxin. 
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Resistance property common endotoxins heat 
stability. have determined that Shiga endotoxin destroyed 
when heated 85-90°C. for hour. 

Neutralization serum fails neutralize 
endotoxin. Endotoxin, however, neutralized antibacterial 
serum prepared actively immunizing horses with Shiga bacilli. 

summarize, the Shiga endotoxin definite toxin, probably 
intracellular origin, conforming the properties the endotoxins 
class. differs physically and biologically from 
exotoxin. Moreover, the two are separable various procedures. 


The Antitoxins Bacillus dysenterie Shiga. 


That the exotoxin capable yielding antiexotoxic serum 
shown the following experiment. 


Experiment 12, 1917. Injected intravenously with cc. 
Toxin (prepared from Strain 109 grown egg albumin broth days and 
filtered) mixed with cc. polyvalent antidysenteric serum, described below. 
Nov. 13. Injected similarly with cc. toxin but only 0.5 cc. serum. Nov. 
14. Same amount toxin; 0.1 cc. serum. Thereafter pure exotoxin was in- 
jected, the next series being started days later with cc. The intervals in- 
jection, the increase dosage, etc., followed the method given Flexner and 
Jan. 26, 1918. Dose increased cc., total cc. for the 
day period immunization. The horse reacted severely this amount. Fol- 
lowing this, single injections were given weekly intervals, starting with 
increasing slowly cc. Jan. 28. Trial bleeding; antitoxic con- 
tent. Nov., 1918. Trial bleeding; serum showed 1,000 antitoxic units per cc. 
Feb. 10, 1919. Trial bleeding; serum showed 2,000 antitoxic units (The 
basis for computation was one minimum lethal dose.) 


Fig. illustrates the results, selected from series, one the 
neutralizing experiments made with this antitoxic serum. shown 
Rabbit the exotoxin removed from mixture endotoxin 
and exotoxin neutralization with the antiexotoxic serum; but 
the endotoxin unaffected the animal succumbed later and showed 
the intestinal lesions but changes the nervous system. 

this point study was made the stock polyvalent antidysen- 
teric serum prepared The Rockefeller Institute. This serum ob- 


Flexner, S., and Amoss, L., Exp. Med., 1915, xxi, 515. 
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tained from horses repeatedly injected with live cultures Shiga 
and Flexner bacilli according the method Flexner and 
The serum tested was obtained from horses under immunization 
for several years (one horse years, another years). was found 
that although the serum was prepared injecting the cultures, 
contained least 2,000 antiexotoxic units per cc. well antien- 
dotoxic and other antibodies. 


SUMMARY. 


With the methods which have been described have separated 
exotoxin and endotoxin from cultures the Shiga dysenteric 
bacillus. The study the nature and effect the poison this 
microorganism thus simplified. The two toxins are physically and 
biologically distinct. The exotoxin relatively heat-labile, arises 
the early period growth, and yields antiexotoxic immune serum. 
The endotoxin, the other hand, heat-stable, formed the later 
period growth, and not neutralized the antiexotoxic serum. 
The exotoxin exhibits specific affinity for the central nervous organs 
the rabbit, giving rise characteristic lesion—mainly, hemor- 
rhages, necroses, and possibly perivascular infiltration the gray 
matter the upper spinal cord and medulla. The endotoxin exerts 
typical action the intestinal tract, producing edema, hemorrhages, 
necroses, and ulcerations, especially the large intestine. 

dysentery man the intestinal lesions predominate, but 
severe epidemics paralysis and neuritis have been observed 

These facts become especially significant from the standpoint the 
serum therapy bacillary dysentery. potent antidysenteric 
serum should contain antibodies against the exotoxin well the 
endotoxin. such serum can produced horses has been 
experimentally demonstrated. 


Four lethal doses endotoxin were neutralized 0.01 cc. this serum; 
the basis one lethal unit the serum may said contain 400 antiendotoxic 
units. The antibacterial antibodies tested were agglutinins. For some strains 
Shiga bacilli the titer reached instance was less than 
2,000. 


W., The principles and practice medicine, New York, 1912, 8th 
edition, 128. 
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EXPLANATION PLATES. 
PLATE 


Fic. Upper cervical region the spinal cord rabbit injected intra- 
venously with Shiga exotoxin. The hemorrhagic lesions the gray matter, the 
edema, and the degeneration the neurons are shown. 85. 

Fic. Section the medulla rabbit injected intravenously with Shiga 
exotoxin. The perivascular lesion shown. Three capillaries, indicated 
arrow-heads, are seen different stages round cell infiltration. 320. 


PLATE 


Fic. Intestinal villus rabbit injected intravenously with Shiga exotoxin. 
The villus not affected. 72. 

Fic. Intestinal villus rabbit with Shiga endotoxin. 
The superficial necrosis the entire villus evident. Most the glandular 
elements are destroyed and the villus considerably atrophied. 72. 


PLATE 


Fic. Rabbits and injected intravenously with filtrates containing both 
exotoxin and endotoxin. Rabbit injected with the mixtures toxins incu- 
bated with normal horse serum, shows the effect unneutralized exotoxin 
(paralysis and intestinal symptoms). Rabbit injected with the mixtures 
toxins incubated with antiexotoxic serum, shows the effect neutralized exo- 
toxin and unneutralized endotoxin (no paralysis but pronounced intestinal 
symptoms). 
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THE CULTURAL DIFFERENTIATION BETA HEMO- 
LYTIC STREPTOCOCCI HUMAN AND 
BOVINE ORIGIN. 


(From the Department Animal Pathology The Rockefeller Institute for 
Medical Research, Princeton, J.) 


for publication, October 15, 1919.) 


Hemolytic streptococci are common good dairy products and 
are usually harmless the consumer. desirable able 
distinguish such streptococci from hemolytic streptococci pathogenic 
man which are times found dairy products. the present 
there has been described qualitative method for distinguishing 
hemolytic streptococci human and bovine origin. Our ability 
differentiate them depends upon the recognition certain quantita- 
tive differences such the agglutination precipitation titer against 
immune serum, the rapidity with which hemolysis appears, the 
size definiteness the hemolyzed zone blood agar plate, the 
rate coagulation milk, the degree acidity produced carbo- 
hydrate media, and the action bouillon culture blood corpuscles 
suspension. Anything which tends make the determination 
these quantitative differences more evident and simple value. 
Acquaintance with the minute details appearances blood agar 
useful Avery and Cullen (2) have shown the advantage 
the determination hydrogen ion concentration dextrose bouillon 
cultures. wish emphasize the differential value the action 
streptococci human and bovine origin blood corpuscles 
fluid media. The literature the subject has been reviewed 
previous 


Action Hemolytic Blood Fluid Media. 


The Medical Department the United States Army 1918 recom- 
mended the following method for the identification Streptococcus 
hemolyticus (3). 


Brown (1), Table IV. 
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0.5 cc. the bouillon culture should mixed with 0.5 cc. 
suspension washed rabbit blood corpuscles physiological salt solution and 
incubated water bath 37°C. for hours. Markedly hemolytic pathogenic 
streptococci human origin produce laking blood under these conditions.” 


Table recorded the result the application the above 
test twenty-eight strains streptococci bovine and human 
origin. The strains tabulated were selected representative 
large number hemolytic bovine and human streptococci encountered 
the author. 

Since 1915 have employed slightly different technique from that 
described above for the same purpose and with practically the same 
results. fresh young (18 hours old) standard veal beef 
infusion bouillon culture diluted twenty times its volume with 
sterile 0.85 per cent salt solution. the diluted culture 
small tubes Wassermann bath added one drop sterile defibri- 
nated blood. The Wassermann tubes should clean but need not 
sterile. hours incubation does not give opportunity for the growth 
contaminating organisms interfere with the reaction. The 
result the application this technique the same streptococci 
employed above also shown Table 

The technique perhaps little simpler than that employed 
the Army. must not assumed, however, that all mixtures 
blood blood corpuscles and bouillon culture will give similar results. 
differential value the proportions described above must adhered 
to. culture diluted 1:10 some the bovine strains produce 
hemolysis within the hour period. diluted 1:40 some 
the human strains fail produce hemolysis. Bouillon cannot 
used instead salt solution for making the dilutions. more than 
one drop blood added the results are irregular. The bouillon 
cultures must young and active. Experiments with centrifuged 
organisms indicate that the number organisms present rela- 
tively little importance. The desired result attained dilution 
the culture appears due dilution the medium rather than 
dilution the bacterial suspension. necessary use greater 
dilution the culture when defibrinated blood employed rather 
than washed corpuscles because the serum the former serves 
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TABLE 


Action Blood Salt Solution and Bouillon. 
Hemolysis hrs. 37°C. 


Washed 
Strain. Source. Defibrinated blood. 
rabbit Author’s technique. 
corpuscles. 
U.S. Army 


technique.| Horse. Human. Rabbit. Beef. 


A-Cow Milk from individual cow. 


(mastitis). 
(mastitis). 
(mastitis). 
H-Cow 108 Milk from individual +++ 
(mastitis). 
H-M Human throat. +++ 
X-43 
D-AD4 Human throat. 
X-44 
A-SH cavity. 


Complete hemolysis indicated Tubes were shaken each half 
hour. 


medium for the streptococci. The importance proper dilution 
and the influence the length period incubation are shown 
Table II. This table also illustrates strikingly the difference 
hemolytic activity bovine and under these conditions. 
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Appearance the Blood Agar Plate. 


the blood agar plate all the strains selected belong the beta 
type. They show certain quantitative differences, however, indi- 
cated Table ITI. 

TABLE 
Hemolysis Horse Blood Agar. 


Strain. Character the zone produced the deep colony. 


A-Cow 
A-Cow 
A-Cow 18* 
A-Cow 


small clear sharply defined central zone and broad outer partly 
hemolyzed zone. 


B-Cow 18* 
H-Cow 
H-Cow 
J-C59 
J-MJ 


The zone smaller and slower develop than that known human 
strains. 


The zone little slower develop than that human strains but 
might taken for the latter. 


B-Cow 2b* 
H-Cow 108 
H-M 


X-43 Typical human strains. Clear colorless well defined completely 
Imp. hemolyzed zone mm. diameter after incubation for 18-24 


Blood agar plates these strains are illustrated previous article (1). 


The zones hemolysis produced the pathogenic beta type 
hemolytic streptococci human origin are uniform size and char- 
acter, but those produced the bovine strains show considerable 
variety. is, therefore, often possible seeing deep colony 


2 
Cheese 
D-AD4* 
X-44 
A-SH 


blood agar plate for the first time state with fair degree 
certainty that the organism not the human pathogenic variety. 
However, since some bovine streptococci produce zones much like 
those human strains, not possible state positively that such 
colony human origin. Four such strains are indicated Table 


Reactions. 


Table given the titratable acidity after incubation for 
week cultures fermented bouillon plus per cent sterile horse 
serum and per cent the test substance indicated. 


TABLE IV. 
Fermentation Reactions. 


Titratable acid (per cent normal). 


Strain. 
4.7 5.0 1.48 1.3 1.0 1.0 
4.95 4.85 0.55 0.7 0.5 
4.95 4.7 3.8 0.65 0.6 0.45 
3.45 3.35 0.5 0.45 0.5 0.55 
4.75 4.6 0.5 0.55 0.5 
3.4 4.45 5.6 0.8 0.3 3.65 
3.6 3.65 4.8 1.05 0.9 0.85 
3.9 3.4 1.05 1.0 1.0 
3.25 2.85 2.65 0.85 0.85 0.7 


The titratable acidity the medium was 0.5 per cent normal. titrata- 
ble acidity less than 1.5 regarded negative fermentation reaction. 
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Limiting Hydrogen Ion Concentration. 


Table given the hydrogen ion concentration cultures 
per cent dextrose bouillon after incubation for hours. 


TABLE 


Limiting Hydrogen Ion Concentration Dextrose 


hrs. hrs. hrs. 116 hrs. hrs. 


Hydrogen ion determinations were made colorimetrically according Clark 
and Lubs (Clark, M., and Lubs, A., Bacteriol., 1917, ii, 109, 191) 
with methyl red indicator. 


The streptococci studied Avery and Cullen (2) reached their 
limiting hydrogen ion concentration within hours. This was also 
true all the known human strains and most the bovine strains 
studied the author. However, few the latter did not; 
Strain J-E7. Neither could Strain J-MJ depended upon this 
respect. was also noted that some substances, e.g. salicin, were 
fermented more slowly than others. The limiting hydrogen ion con- 
centration was reached later media containing this substance. 


Growth Milk. 


Reference Table shows that sharp distinction between 
bovine and human strains can drawn from their ability coagulate 
milk test-tubes. After incubation for days most the 
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strains, human and bovine, had coagulated the milk. hours only 
about bovine strains had done so. hours some the 
human strains had partially coagulated the milk and some the 
bovine strains had done better. The most that can said 
that none the strains human origin caused coagulation milk 
within hours, whereas about per cent the bovine strains 
did so. 


TABLE VI. 
Coagulation Milk. 
Period incubation. Period incubation. 
Strain. Strain. 


Coagulated when placed boiling water. 
Not coagulated when placed boiling water. 
indicates complete coagulation. 


Reaction Methylene Blue. 


has been claimed Sherman and Albus (4) that cultures 
Streptococcus lacticus reduce methylene blue milk while those 
Streptococcus pyogenes fail and fact fail grow this 
medium. Their results are striking, though doubt the validity 
their method selecting cultures. cannot agree applying the 
name Streptococcus pyogenes all streptococci isolated directly from 
the udder. The strains studied above were inoculated into methylene 
blue milk (1: 20,000) according the technique described Sherman 
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and Albus. The two strains from cheese reduced the methylene blue 
almost completely less than hours, but certain strains from the 
udder and from human patients also produced partial reduction 
less than hours, others within hours, and others not all. 
methylene blue agar plates streaks Strains Cheese 
and Cheese grew luxuriantly, while none the other strains grew 
all. interesting note, however, that streptococci which 
were inhibited methylene blue the presence oxygen grew well 
media containing methylene blue which was reduced some other 
agent. This was demonstrated boiling tubes methylene blue 
agar water bath until the dye was colorless, inoculating the agar 
fluid condition, chilling quickly, and incubating. After several 
hours the blue color returned the upper half inch the medium 
and this portion colonies developed. Below the upper half inch 
the agar remained colorless and here the streptococcus colonies grew 
wel] agar containing methylene blue. 


CONCLUSION. 


None the procedures described serves itself differentiate 
streptococci human and bovine origin with certainty, though each 
them serves strong presumptive test. Most strains fall easily 
into the human bovine group all the tests. Eliminating these 
from consideration have left certain irregular strains listed 
Table VII. 


TABLE VII. 


Strains. 


Origin indicated by. 


Strain. Acidi 
Blood-salt 
Blood agar plate. dextrose 
solution. bouillon. 
J-E7 Normal udder. Human (doubtful). Bovine. Bovine. 
J-C65 Diseased udder. Human. 


J-MJ Milk pail. Bovine. 
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Taking all characters into consideration are inclined regard 
Strains J-E7, Cheese and Cheese undoubtedly bovine origin. 
Strain J-MJ also representative group streptococci which 
Jones? has found milk and which being further studied him. 
There remains Strain J-C65 which for the present must regarded 
doubtful origin. 


The author indebted Dr. Jones for the strains strepto- 
cocci lettered and Miss Marion Orcutt for valuable assistance. 
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DAIRY INFECTION WITH STREPTOCOCCUS EPIDEMICUS. 


(From the Department Comparative Pathology Harvard Medical School, 
and the Department Animal Pathology The Rockefeller 
Institute for Medical Research, Princeton, J.) 


(Received for publication, October 15, 1919.) 


The milk-borne streptococcus epidemic about reported 
interest not because any unusual features because any inten- 
sity the epidemic, but because the definiteness the findings and 
the promptness with which they were obtained. There were also 
certain unusual clinical features. 

The dairy involved was one producing high grade raw milk 
Boston. February, 1917, there was prevalent, especially 
among children, malady which was usually diagnosed epidemic 
adenitis, more rarely sore throat, pharyngitis, The 
initial symptom was sore throat moderate severity, rarely such 
diagnosed septic sore throat, reportable disease Massa- 
chusetts. few patients experienced peculiarly nauseating naso- 
pharyngitis. few cases otitis media occurred, but the most 
constant development was inflammation the submaxillary and 
cervical lymph nodes. Recovery was sometimes quite slow and 
characterized recurrent periods high temperature. 

the time the authors were consulted the dairy several pedia- 
tricians had noticed that among their patients undue proportion 
were consumers this milk. the other hand, infants’ hospital 
supplied with milk this dairy had reported cases the disease. 

the afternoon February 23, conference was called the 
officials the dairy. Physicians whose patients were using this milk 
were invited attend this conference and also the authors. 
though there was conclusive evidence that the milk was fault, 
complete investigation was undertaken once. The following 
measures were adopted. (1) the conference physicians were sup- 
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plied with sterile swabs for the collection pathologic material from 
patients. (2) Arrangements were made obtain samples milk 
from individual cows the dairy herd beginning the next morning. 
(3) Swabs from the throats employees the dairy were exam- 
ined soon the milk had been studied. (4) All the milk the 
dairy was pasteurized the final bottles for the time being. 

Apparently the epidemic among consumers the milk ended imme- 
diately. The initial symptoms the last case reported were noticed 
February 24. 

Since paper Dr. Theobald Smith and the author (1) the 
milk-borne epidemics described were designated inclusive, 


this one and the dairy involved will referred Epidemic 
and Dairy 


The Human Material. 


Swabs received were soaked for minutes about cc. sterile 
salt solution which was pipetted directly into the tube which the 
swab was received. The salt solution was then diluted, added 
fluid blood agar (standard meat infusion agar, cc., plus defibrinated 
horse blood, cc., 45°C.), and immediately poured into 
Petri dish. After the moisture condensing inside the dish had been 
allowed evaporate the plate was incubated 37°C. the inverted 
position. 

Fifteen swabs were received from patients using milk Dairy 
these, twelve were from throats tonsils and three from ears. 
the blood agar plates twelve these swabs, including those from 
ears, was found the organism which have learned recognize 
Streptococcus epidemicus The appearance this organism 
the blood agar plate such make readily recognizable (2). 
produces the beta type hemolysis. The surface colonies are 
large and watery, round when isolated but confluent and amebiform 
the streak. Organisms the fresh surface colonies are encapsu- 
lated. streptococcus was present large numbers most 


name Streptococcus epidemicus used tentatively. The organism 
nearly like pyogenes that may regarded well defined va- 
riety the latter rather than true species, and should called Strep- 
tococcus pyogenes (var. epidemicus). 
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the swabs; pure culture three them, two from throats and 
one from ear, and almost pure culture several others. was 
not found three the swabs from patients using Dairy milk. 
One these was convalescent patient and the material from the 
other two was not properly diluted and the plates were poor. These 
should have been done over again, but view the evidence already 
hand and because the great quantity material from cows 
waiting for study the time, this was not done. 

Swabs were studied from four adults families where children had 
the infection. The children these families used milk from Dairy 
but the adults did not use regularly. diagnosis epidemic 
adenitis was not made the case the adults but they complained 
coughs, colds, sore throat. none them was 
epidemicus found. 

Nine swabs were studied from patients not using milk from Dairy 
these were from cases with clinical diagnosis epi- 
demic adenitis. The others were diagnosed sore throat ton- 
sillitis. From none was Streptococcus epidemicus isolated. Other 
pathogenic streptococci were recovered from some them. 

Most the patients from whom epidemicus was iso- 
lated had developed initial symptoms February 18. Most 
the swabs were taken February 24, 25, and 26. The last case 
reported developed initial symptoms February 24, and the swab 
was taken March 


The Dairy Herd. 


All the milk sold Dairy was produced its own herd, about 
112 cows being milked this time. The milk was produced and 
handled under exceptionally good conditions. Precautions were 
taken exclude the milk from cows with garget. The herdsman 
drew the fore-milk from each teat onto fine wire screen order 
detect the presence flocculi viscidity. The called gang 
system milking was use, each man milking the next cow line 
the head the gang milkers finished milking the last 
one. milk was quickly cooled and bottled the farm. 
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The herd was housed three barns, morning 
February samples milk were taken from twenty cows 
Barn stream milk from each the four quarters every 
cow was milked directly into sterile cream bottle. The samples 
were packed ice and taken directly the laboratory where they 
were centrifuged and the sediment was plated out horse blood 
agar. stained film the sediment was also made. making 
the blood agar plates was found useful employ both deep and 
surface streak inoculation the same plate. The tube blood 
agar was first inoculated fluid condition, then after the plate had 
been poured and hardened was streaked three four places. 
This gave opportunity observe both deep colonies and surface 
streaks the same plate. 

happened that the first samples yielded pure culture 
large numbers Streptococcus epidemicus resembling every way 
the organisms isolated from the patients (Fig. 1). The stained 
film the milk sediment revealed large numbers leucocytes and 
many short chains and pairs round flattened cocci. The film 
alone would have attracted suspicion but could not have been relied 
upon for diagnosis. The milk this cow (No. 108) had not yet 
roused the suspicion the herdsman milkers and was being used. 
soon this culture was discovered the cow was isolated Feb- 
ruary 25, and the morning February samples milk 
were taken from each quarter the udder. this time the sample 
from the left fore quarter was noticeably thick and yellow, while 
samples from the other three quarters were normal appearance. 
Cultures showed the left fore quarter only infected. 

February samples milk from all the cows the herd had 
been similarly cultured and examined. None revealed any strepto- 
cocci resembling those from the patients and Cow 108. Among these 
cows, however, were three known have garget one quarter 
the udder. The milk this quarter was regularly discarded. 
studied samples milk from these quarters culturally and found 
streptococci which produced more less hemolysis the blood 


agar plate but did not closely resemble the streptococci isolated from 
the patients and Cow 108. 
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The location Barn and the method handling the milk the 
farm offer suggestion why the epidemic was not more wide- 
spread among the patrons the dairy. They also serve explain 
why there was not single case infants’ hospital where the 
milk was used. the barns the milk was poured from the milking 
pails into large sterile cans and carried wagon the milk house 
where was poured from the cans into the mixing tank. From the 
mixing tank ran through the cooler and was bottled, the bottling 
going continuously while fresh milk was being poured into the 
mixing tank. The apparatus was properly sterilized before each 
milking and the whole process carried under very good conditions. 
There might the mixing tank the milk from not more than ten 
fifteen cows any one time. Barns and were within about 
200 yards the milk house and milk from these barns was therefore 
the first enter the mixing tank. Milk from Barn which was 
quarter mile more from the milk house was likely enter the 
mixing tank toward the latter part the milking. Hence, the larger 


part the milk escaped contamination the milk Cow 108 
which was Barn 


The Dairy 


The theory advanced Smith and Brown (1) that epidemic milk- 
borne tonsillitis due not the streptococci ordinary bovine 
mastitis but streptococci human origin inoculated into the milk 
ducts cows during milking has now received considerable sup- 
port from the work other authors. 


view the recent remarks Keegan (3) seems necessary again em- 
phasize the fact that infection the cow’s udder Streptococcus epidemicus 
may persist for some time without gross evidence mastitis. That such 
infection not common shown the work Jones (4) who studied over 
cases mastitis cows without finding Streptococcus epidemicus except possibly 
one instance. These facts make the finding this organism the udder 
milk supply association with epidemic all the more significant. was 
not the intention Smith and Brown deny the possibility contact infection. 


The theory Smith and Brown offers plausible explanation 
the relative rarity such milk-borne epidemics notwithstanding the 
wide prevalence bovine mastitis, garget, and its occurrence 
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practically all dairy herds any size. With this theory mind our 
next effort was determine the source the infection Cow 108. 
Unfortunately two the milkers who had attended this cow the 
time the epidemic started had left the employ the dairy and 
was impossible obtain material clinical data from them. Under 
the system milking use was impossible connect the act 
milking any given cow with any particular milker, 

February swabs were taken from the throats fifteen em- 
ployees, milkers, the dairy farm. All these men reported 
themselves good health. One milker, had recently recovered 
from quinsy sore throat, but this man was said not have worked 
Barn where Cow 108 was kept. epidemicus was 
found swabs from and another man, who drove the milk 
truck and did other odd jobs about the farm but did milking. 
Both and lived the farm dormitory and boarding house. 
Cultures from the other men were negative this date. Swabs 
were taken and cultured from many the men possible every 
few days. Table given tabular summary the study 
infected employees listed the order the discovery the infection. 
Special attention called milker, living home, who had 
just returned work after being under treatment for diphtheria for 
several weeks. were employed the farm boarding house. 
Swabs from both these were examined repeatedly with negative 
results. One, Mrs. H., reported that she had her voice several 
weeks ago result but appeared well the time 
this investigation. The other, Mrs. V., had clinical history. 
Her husband also was employed the farm but gave clinical 
history, and positive cultures were obtained from him. April 
30, however, was learned that young daughter Mr. and Mrs. 
was taken Boston have her tonsils removed. was 
learned that this child had suffered from several attacks quinsy 
sore throat during the past few months. She did not live the farm 
but swab from her throat was obtained previous operation. 
Moderate numbers Streptococcus epidemicus were found. was 
also learned from March that had young sister who 
near having pneumonia and another sister who had 
frequent ‘‘earache due from these people could 
not obtained. 
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Altogether swabs were studied, most cases regular intervals 
few days, from twenty-six persons connected with the dairy. From 
eight these epidemicus was isolated one time 
another. least two harbored the organism when the first swabs 
were taken February 26. 

The incidence rheumatism among the infected men note- 
worthy. There was complaint rheumatism among the non- 
infected employees. 

From the data seems impossible connect any these indi- 
viduals with the introduction the infection into the dairy and the 
infection Cow 108. There are too many possibilities. may 
that some member the family Miss was the 
source infection, may have been one the men who left the 
dairy before the investigation was started. the other hand, 
seems likely that some these and perhaps other persons were in- 
fected using the milk Cow 108, since all the employees and their 
families used the milk the dairy. also possible that there was 


good deal contact infection, and there seems other way 


account for the infection and possibly and after 
Cow 108 had been removed. also possible that J’s disease 
was pseudodiphtheria due epidemicus. 

After Cow 108 had been eliminated from the herd frequent exami- 
nations the milk and swabs from the men’s throats were made. 
All infected men were kept from milking handling the milk 
any way. 


Data Bearing the Mastitis Cow 108. 


Cow 108 gave birth calf November, 1916. She was appar- 


-ently normal and gave good quantity milk from each quarter 


the udder the time this investigation February 24, 1917. 
this date, related above, epidemicus was found 
the mixed milk from the four quarters the udder. photograph 
the blood agar plate made this time shown Samples 
milk from individual quarters the udder showed infection 
only the left fore quarter. February the milk from this quarter 
was noticeably thick and yellow. Streptococcus epidemicus was pres- 
ent pure culture. Samples milk from individual quarters were 
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again studied March 11. this time the left fore quarter was 
manifestly shrunken, the milk from diminishing amount and 
being quite thick and yellow. The culture Milk from 


TABLE II. 
Infected Cow 108. 


Feb. Mixed sample milk from all four quarters. Gross appearance 
normal. Large numbers Streptococcus epidemicus per cc. milk. Cow 
isolated. 


masses. 
Serous; thick yellow 270,000,000 
masses. 


million leucocytes per cc. 
stringy. 


Milk from left fore quarter. Milk from left hind quarter. 
1917 
Feb. Thick; yellowish. Large numbers. Normal. None. 
15,000 
Left hind teat injured, probably being stepped on. 
Curdled; yellowish. 872,000 
Cow removed animal hospital. 
Serous; yellow. 15,000 Normal. 375,000 
Few cc. 
Serous. Few cc. 175,000 250 cc. 28,500 
stringy particles. million leucocytes per 
million leucocytes per 
May Serous. 665,000 Normal. 
Serous; stringy. 2,085,000 Slightly stringy. 250 60,000 
June Serous; thick yellow 250,000,000 Normal. 150 cc. 50,000 


the other three quarters was quite normal appearance and amount. 
the plate milk from the left hind quarter, however, were found 
30,000 colonies epidemicus per cc. milk. gross 
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examination this quarter the udder was apparently normal. 
March were found about 15,000 the streptococci per cc. milk 
from the left hind quarter. Some time between this date and March 
the teat the left hind quarter was injured. When examined 
March one the teat was swollen and blood was dripping 
from occasionally. There was cut leading outward from the 
meatus. The milk collected this time was thick, yellow, curdled, 
and slightly tinted with blood. Culture revealed 872,000 the in- 
fecting organism apparently pure culture per cc. milk. Soon 
after this the cow was removed from the farm the Angell Memorial 
Animal Hospital? where was accessible for study from the labora- 
tory Harvard Medical School. avoid transference the 
infection from infected normal quarters the hands themilker, 
was instructed always milk the normal quarters first. The milk 
from the four quarters was studied for many weeks. During this time 
the general condition the cow was normal and the right fore and 
hind quarters the udder remained uninfected. The results the 
examination the milk from the left fore and hind quarters are 
shown Table II. 

The point greatest interest far the epidemic concerned 
that there was detected bacteriologically infection with 
coccus epidemicus the left fore quarter the udder this cow before 
had attracted the attention the herdsman and milkers the 
dairy, that was detected the left hind quarter week more 
before the milk showed any gross change, and that the milk this 
quarter again returned almost normal appearance though the 
infection persisted for many weeks. 

the end June the authors left Boston. Further study 
Cow 108 was carried Dr. Tyzzer and Dr. Marshal 
Fabyan. 

Study Cultures. 


Although epidemicus was isolated times from 
patients, dairy employees, and Cow 108, all the strains were indis- 
tinguishable from one another. general description therefore 
suffices for all. 


The cow was kept this hospital through the courtesy Dr. Mixter 
Boston. 
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Appearance Blood the blood agar plate composed 
standard beef infusion agar plus per cent horse blood, the 
deep colonies after hours incubation are biconvex, usually 
little larger than those typical pyogenes, and sur- 
rounded distinct clear colorless zone hemolysis about 
2.5 mm. diameter unless the plate crowded with colonies. There 
are intact corpuscles next the colony and discoloration. 
The appearance that the beta type. The hemolyzed zone the 
deep colony essentially like that pyogenes, but 
may little slower developing. The surface colonies the 
blood agar plate slant serve distinguish this organism from 
Streptococcus pyogenes. ‘They are large colonies, mm. 
diameter, watery when grown humid atmosphere but drying 
down rapidly thin transparent films when exposed dry at- 
mosphere; ¢.g., that the room. the surface colonies are close 
together, streak, they become confluent and amebiform. 
Hemolysis appears more slowly about the surface colonies than 
about the deep ones, and fact may not very noticeable after 
incubation over night. This partly due the rapid overgrowth 
the surface colony, obscuring the zone hemolysis beneath. Not 
infrequently the surface colonies this stage have greenish tint 
which, however, not due the methemoglobinization underlying 
blood corpuscles, though may possibly due the formation 
methemoglobin from released hemoglobin which has diffused into the 
substance the colony. easily distinguished from the alpha 
type appearance produced pneumococci and viridans strepto- 
cocci. Thesurface colony itself like that (Pneumo- 
coccus) mucosus, the Type III pneumococcus Cole, but the latter 
organism produces the alpha appearance blood agar and further 
distinguished fermentation and immunological reactions. 

some the growth from fresh watery surface 
colony examined microscopically there are found diplococci and 
short chains streptococci with large capsules enveloping the entire 
group. ‘These capsules are best seen suspending the material 
droplet bouillon and suitable India ink, covering with cover-slip, 
and examining the moist preparation under the microscope. They 
are also revealed the Huntoon capsule stain. The cocci themselves 
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are round slightly flattened, closely packed together within the 
chain. They are Gram-positive and when seen encapsulated closely 
resemble Streptococcus (Pneumococcus) mucosus. 

Appearance bouillon there nothing distin- 
guish Streptococcus epidemicus from pyogenes, though the 
former likely produce more clouding and less sediment than the 
latter. Usually the bouillon fairly well clouded and there 
moderate amount finely flocculent sediment which easily dis- 
integrated and suspended shaking. Microscopically there are 
found moderately long chains streptococci. small amount 
capsular substance may may not present. 

Fermentation fermentation reactions all the 
strains were determined after incubation for week large test-tubes 
titration the total acidity cultures fermented bouillon 
plus per cent sterile horse serum and per cent the test 
substance. 

Table the titratable acidity representative strains ex- 
pressed per cent normal acid. subtraction has been made for 
the reaction the medium. fermentation reactions are the 
same those pyogenes. the strains fermented 
saccharose, lactose, and salicin, but not raffinose, inulin, mannite. 
assumed that they ferment dextrose and maltose also. 

Comparison with Bovine comparison with the other 
strains there are included Table III two strains bovine hemolytic 
streptococci, H-Cow and H-Cow 72. They produce higher 
titratable acidity saccharose and lactose media than thestrains 
Streptococcus epidemicus. These two strains came from the milk 
apparently normal cows. blood agar they produce the beta 
type hemolysis, but the zones show minor differences from those 
the other strains. The zones hemolysis develop rather slowly, 
those H-Cow remaining small, and those H-Cow becoming 
broad but with hazy outer portion. Neither strain produces cap- 
sules. The individual elements are large. These minor differences 
between such non-pathogenic bovine strains and pathogenic hemo- 
lytic streptococci human origin may easily escape the attention 
one without considerable experience the study streptococci, 
but they are convincing when recognized. 1915 was said that: 
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success likely attend the tracing such epidemics their 
source will depend upon minute, detailed study individual strains 
streptococci and the discovery certain minor distinguishing 
characteristics guides” (1). This still true and something 


TABLE 


Fermentation Reactions. 


Titratable acid (per cent normal). 
H-3 3.9 2.65 0.9 1.05 1.05 
H-il 3.4 2.9 0.4 0.3 0.3 
H-14 3.6 0.6 0.65 0.3 
H-16 3.6 0.6 0.6 
H-17 3.6 3.0 2.85 0.6 0.7 0.85 
H-18 4.1 3.05 0.3 0.55 0.2 
H-20 4.05 2.9 0.7 0.75 
H-21 0.6 0.85 0.45 
H-23 4.05 2.95 0.55 0.5 
Employees. 
H-W 3.8 0.9 0.9 
H-S 3.0 3.2 0.85 0.6 0.9 
H-D 4.1 0.9 0.6 Lost 
H-J 3.6 3.0 0.6 0.5 0.4 
Dairy cows. 
H-Cow 4.9 0.55 0.65 


The titratable acidity the medium was 0.5 per cent normal. titrat- 
able acidity less than 1.5 regarded negative fermentation reaction. 


further has been done facilitate the recognition these minor 
distinguishing characteristics. Ayers and his associates have called 
attention the differences final hydrogen ion concentration which 
serve distinguish streptococci from different sources and many 
pathogenic from non-pathogenic streptococci (5, 6). Avery and 
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Cullen (7) have reported the usefulness the determination hy- 
drogen ion concentration the differentiation hemolytic strepto- 
cocci human and bovine origin. They found that dextrose 
bouillon human type hemolyticus reaches 
final hydrogen ion concentration 5.2 5.0, and the bovine type 
4.5 the strains streptococci which they 
studied were the three strains from dairy cows listed Table III. 
Their results for these strains were follows: 


Designation strain. 


Diagnosis. 
Brown and Orcutt. Avery and Cullen. 


The fact that streptococci bovine origin produce carbohydrate 
media more acid than pathogenic streptococci human origin 
has been noted various authors (Broadhurst (8), Stowell, Hil- 
liard, and Schlesinger (9), and Smith and Brown (1)) employing the 
titration method, and has been utilized means differentiating 
streptococci from these two sources. our experience more than 
per cent bovine streptococci the beta type produce dextrose 
bouillon from 1.5 per cent more normal acid than human 
streptococci the beta type, and the method titrating the total 
acidity against 0.05 sodium hydroxide with phenolphthalein 
indicator reliable the hands individual worker using 

‘medium fairly constant composition for the comparative study 
strains from both sources. 

Blood-Salt Solution another article (10) described the 
behavior strains from this epidemic suspension blood salt 
solution. sufficient here call attention the fact that also 
means this test Strains H-Cow and H-Cow fall into the bovine 
group while Strains H-Cow 108 and H-M fall into the human group. 

Animal after isolation cc. bouillon culture 
number strains from representative sources was injected 
intravenously into rabbits, with results indicated Table IV. 
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The organism was not particularly virulent judged the 
mortality rabbits injected. The most conspicuous lesions pro- 
duced were those the external ears and testes. The lesions the 
ears appeared the 4th the 9th day and resembled erysipelas, 
sometimes affecting the whole pinna simultaneously, but more often. 


TABLE IV. 
Inoculated Rabbits. 
Sex. Culture. Localizations. Result. 
|M. H-10 105.5 Apparently well throughout. 
(4th day).* 
H-C 107.3 Both ears, 9th day. Recovered 
(2nd day). Left testis, 10th (40 
day. 
H-S 105.1 1,270-980 Right ear, 9th day. Recovered 
(3rd day). Lame left hind (40 days). 
leg temporarily, 
10th day. 
(2nd day). day). 
|M. H-M 106.6 Both ears, 5th day. Very sick.. 
(2nd day). Both testes. Chloro- 
formed 
(7th day). 
H-Cow 108 106.2 Both ears, 4th day. Died (29th: 
(2nd day). Left eye, 4th day). 
4th 
day. Right testis, 
14th day. Right 
hind foot, 14th 
day. 
H-Cow 108 106.5 Left ear, 5th day. Recovered 
(19 mos. (3rd day). Right fore foot, (17 days).. 
later). 8th day. 


The day which the injection was made counted the 1st day. 


starting one area and migrating the remaining parts. The ear 
became red, hot, considerably swollen, and heavy that drooped. 
day two there appeared little droplets blood-stained serum 
exuding points either surface the ear. When cultured 
blood agar plates these droplets were found contain large numbers. 


4 
TAR 


HOWARD BROWN AND MARION ORCUTT 


the streptococcusinjected. often appeared areas purpura, 
blisters and occasionally necrosis, dry gangrene, and 
sloughing off part the ear. the rabbit lived the inflamma- 
tion gradually subsided after week more, the skin became dry, 
underwent desquamation, and finally the ear regained its normal 
changes. 


The cartilage and narrow strip dense fibrous tissue either side are 
intact. The looser vascular connective tissue and subcutis are greatly dis- 
tended and large areas obliterated serofibrinous exudate containing much 
cell debris (necrotic connective tissue and degenerating cell nuclei) but very few 
leucocytes and not many endothelial cells. the tissue the dorsum the 
ear the blood vessels contain plugs fibrin and some are plugged with strepto- 
cocci, but most the streptococci are massed the lymph spaces and tissue 
spaces surrounding blood vessels. few streptococci are seen scattered the 
tissue spaces just beneath the cutis. The tissue the ventral surface the 
ear less vascular and here the streptococci are seen quite generally scattered 
about throughout the distended connective tissue and fibrinous exudate. 
the section studied the epidermis was intact and there were blisters 


noted that three out five rabbits both ears showed 
similar lesions, whereas the injection was made into the vein only 
case did the infection appear spread from the site 
injection. 

The next most common lesion was orchitis which occurred three 
five male rabbits injected with freshly isolated cultures. The 
scrotum enclosing the testis became hot, purplish red color, swollen, 
and tense, the testis remaining the sac. Rabbit the process 
subsided after few days and there was desquamation the skin 
the scrotum. Rabbit the orchitis persisted until death and 
autopsy both testes were found adherent the scrotum. The left 
testis which had been longest diseased was simply homogeneous 
yellow caseous mass. The right one was sac fluid yellow pus. 
Cultures from the right testis revealed epidemicus 
pure culture. Rabbit the orchitis was not detected until the 
animal was chloroformed the 7th day. Both testes were freely 
movable from scrotum abdomen but had mottled appearance 
more noticeable the left testis. This testis was sectioned and 
showed the following changes. 
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Transverse section the testis shows one side distinct area necrosis 
involving the tubules and interstitial tissue, and extending one point into the 
tunica vasculosa. the center this area the outlines the tubules are dis- 
tinct and the parenchymatous cells are distinguishable but structureless and 
without nuclei. the periphery the necrotic area the appearance that 
coagulation necrosis with numerous disintegrating nuclei. Polymorphonuclear 
cells are scattered throughout most the tunica vasculosa. the opposite 
side the testis from the necrotic area mass fibrin containing its meshes 
large numbers polymorphonuclear leucocytes and large mononuclear cells. 
This mass apparently outside the tunica vasculosa but was probably inside 
the tunica albuginea which has been stripped away from most the testis and 
not present the section though remnants are seen. one portion the 
epididymis fibrinous exudate between the tunica vasculosa and tunica albu- 
ginea plainly seen, while scattered through the connective tissue the 
epididymis are many polymorphonuclear cells. The rete testis and the ducts 
the epididymis are apparently normal also the connective tissue the 
septula and that between the tubules the testis. few streptococci are seen 
within leucocytes. 


Other lesions encountered and studied were endocarditis 
Rabbit and keratitis and conjunctivitis one eye Rabbit 
Rabbit apparently died suddenly result the fresh cardiac 
lesion. One the cusps the tricuspid valve was enormously 
thickened, forming large tumor that could seen through the 
heart wall. stained section showed edematous and necrotic 
valve filled with fibrin and bearing large subendothelial hemorrhage 
atitsfreeedge. streptococci were visible the tissue. 
Rabbit had infection the cornea one eye which spread out- 
ward into the conjunctiva and inward into the anterior and posterior 
chambers the eye, also into the choriocapillaris and retina. 
tococcus epidemicus was isolated repeatediy from the conjunctiva 
during life. 

The lesions the ears and testes appearing such large per- 
centage the rabbits injected with cultures from this epidemic seemed 
remarkable and more than mere coincidence. rabbits similarly 
injected with streptococci from other epidemics Smith and Brown 
the ears were encountered four times and orchitis 
not all. The tendency produce these lesions rabbits was 
apparently one the ‘‘distinguishing characteristics” strains 
isolated this epidemic, and one which tended identify the strain 
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from Cow 108 with those from throats. contrast the results 
reported Rosenow (11) various times the elaboration his 
erysipelas and orchitis were not reported any the human patients 
during the epidemic. The organism produced certain characteristic 
lesions patients, and others equally characteristic rabbits. 
was interesting find that the strain from Cow 108, months after 
isolation, was still able produce the ear lesion Rabbit but 
orchitis was not produced. 


Subsequent Study the Dairy. 


The contamination the milk with the streptococcus from Cow 
108 was something which could not detected current routine 
methods for the examination milk. One our objects, therefore, 
was devise methods for safeguarding the production raw milk 
against such accidents. With this end view milk from the cows 
Dairy and swabs from the throats the employees were studied 
for months after the subsidence the epidemic. There 
nothing particularly difficult about culturing throat swabs from the 
employees blood agar once week. This, believe, the most 
important measure for the prevention milk-borne streptococcus 
epidemics. Second importance the culturing milk blood 
agar. Obviously not practicable the milk individual 
cows each week. was found, however, that mixed sample 
the milk from group ten fifteen cows was plated out blood 
agar was easy detect strains bacteria which formed the charac- 
teristic flora milk from individual cows the group. the exam- 
ination milk from individual cows was found that certain cows 
gave almost sterile milk while others gave milk containing large 
numbers bacteria. These high counters, called them, seemed 
harbor characteristic flora their milk ducts. These organisms 
were commonly streptococciof the alpha gamma type blood agar, 
sometimes micrococci, and more rarely bacilli streptococci the 
beta type. amount the milk Cow 108 added group 
sample was easily detected the blood agar plate. Many times 
were able detect the withdrawal cow the addition cow 
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certain group change the group flora. organism 
appeared group sample which was all suspicious, samples from 
the individual cows that group were cultured. the use this 
procedure would easy lower the bacterial count dairy 
milk gradually eliminating certain cows which are high counters. 
the purchase dairy cow there reason why this should not 
taken into consideration. 

correlation with the regular examination throat swabs from 
the milkers and group samples from the cows, the confining certain 
milker certain group cows highly desirable from sanitary 
standpoint. Dairy this was considered impracticable but 
believe that the ability fix the responsibility for certain grade 
milk from certain group cows with certain milker would have 
economic well sanitary advantages. 

aminimum requirement for dairies producing raw milk would 
recommend the regular examination throat swabs from the milkers 
and the use blood agar rather than plain agar for making milk 
counts. 


SUMMARY. 


streptococcus epidemic moderate extent and severity was 
characterized clinical symptoms different from the usual septic 
sore throat, though the organism found was culturally 
epidemicus. 

The infection was traced the milk from single quarter the 
udder cow dairy 112 cows producing otherwise excellent 
grade raw milk. 

number the milkers the dairy farm were found infected. 
was impossible trace the infection the cow’s udder any one 
the milkers, though such infection seems probable since the 
streptococcus isolated from the cow was every respect like 
streptococci isolated from patients and milkers, and different from 
those usually found normal cows cows with garget. 

Certain recommendations are made safeguard producers raw 
milk against the occurrence such epidemics. 
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Addendum. 


The authors are indebted Dr. Tyzzer and Dr. Marshal 
Fabyan the Department Comparative Pathology Harvard 
Medical School for the following notes regarding Cow 108 after she 
had passed from under our observation. 


Cow 108 was kept under observation until Jan. 1918, when, since lactation 
had ceased, she was slaughtered for beef. During this time the following bac- 
teriological examinations the milk were made. 

Aug. 27, 1917. from the left hind quarter showed the hemolytic strep- 
tococcus previously isolated. 

Aug. 29. Milk from the right hind quarter, hemolytic organism present 
plates. 

Aug. 30. Milk from the right fore quarter, hemolytic streptococcus not 
present. 

Right hind quarter negative. 

Sept. 13. Right fore quarter negative. 

Sept. 25. Both right hind and right fore quarters negative. 

The infected quarter was the first become dry and the secretion milk 
had ceased other quarters the middle November. The localized indu- 
ration which had become apparent soon after the cow came under observation, 
persisted the time slaughter. was situated some distance above 
the teat the anterior portion the left hind quarter the udder and appeared 
ill defined mass about the size hen’s egg. 

udder was first sliced various directions the inspector 
who made his examination before turning the material over for further study. 
The affected portion after incision showed remarkably little difference from the 
normal portion. The involved tissue, however, was slightly firmer and less flabby 
than the normal gland. The animal showed also early tuberculosis involving 
the bronchial lymph nodes and small portion the lung. 

Microscopic Examination.—Stained sections various samples the mamma 
showed definite inflammatory changes the indurated part, which were absent 
other portions. There appeared increase the interglandular con- 
nective tissue, although this rather difficult determine and may open 
question. The chief abnormality consisted collections lymphoid cells 
mingled with which were few plasma and large mononuclear cells. The larger 
foci were distributed the walls the large ducts but there were also similar 
foci including gland acini. The ducts showed eosin-staining secretion which 
occasional mononuclear cell was apparent, and this material differed 
way from the secretion found the ducts the normal quarters. 

Cultures taken from the indurated portion the gland were negative. The 
inoculation rabbits with suspension obtained grinding this tissue salt 
solution resulted negatively. 
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evident from these findings that the infection was present the left 
hind quarter late Aug. 27, the time autopsy evidence was 
obtained the presence virulent streptococcus. The absence polynuclear 
leucocytes both the tissues and the secretion indicates that there was this 
time active process present. 
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EXPLANATION PLATE 


Fic. The first blood agar plate culture milk from Cow 108 showing 
large numbers colonies Streptococcus epidemicus, after incubation over 
night. The plate was too thickly seeded for the colonies and zones attain 
their full development. 
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INTRODUCTION. 


There exists evidence pointing towards the general toxicity 
dichloroethylsulfide both when administered inhalation and when 
injected subcutaneously intravenously. 


Lynch! found that dogs gassed with high concentrations dichloroethylsulfide 
(0.3 mg. per liter for hour) exhibited symptoms similar those produced 
injection, and not referable the primary irritation the respiratory tract. 
These symptoms were salivation, vomiting, bloody diarrhea, hyperexcitability, 
and convulsions, with slow irregular pulse which became rapid before death, 
and were attributed vagal paralysis. Furthermore, the absorption di- 
chloroethylsulfide during inhalation was shown the appearance the hydrolysis 
product, dihydroxyethylsulfide, the urine. 


The experiments were performed the Experimental Field the Chemical 
Warfare Service, American Expeditionary Forces, and were continued one 
the Brady Laboratory Pathology the Yale Medical School. 

are indebted Lieutenant Colonel Clark, Chemical Warfare 
Service, for advice, Professor Winternitz for the privilege his labora- 
tory, and Professor Underhill for procuring samples nitrobenzene 
and chlorobenzene. 

preliminary note this work was presented the meeting the Society 
Experimental Biology and Medicine, New York, March 19, 1919. 

V., American University Experiment Station, Monograph No. 
Washington, 2nd edition, See also Lynch, V., Smith, W., and Mar- 
shall, K., Jr., Dichlorethylsulphide (mustard gas). Systemic effects and 
mechanism action, Pharmacol. and Exp. Therap., 1918-19, xii, 265. 
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Severe symptoms, ending usually death within hours, followed the intra- 
venous injection approximately 0.01 gm. per kilo autopsy intense 
congestion, often with extensive hemorrhage into the intestinal mucosa, was 
the only lesion 

Muratet and reported upon blood examinations series 
six rabbits, four which were poisoned inhalation and two subcutaneous 
injection. all the animals the following changes were noted. The red blood 
cells were augmented number soon after exposure (increase 6,000,000 
10,000,000), and then gradually diminished. Nucleated forms were sometimes 
seen. There was other degenerative change. The 
leucocytes showed rise following the intoxicating dose, but later diminished 
progressively. There was relative lymphocytosis. Morphologically, degenera- 
tive changes were found the leucocytes. The polymorphonuclears showed 
abnormal lobulation the nucleus, dissolution the granules, and, finally, 
breaking the chromatin into spherical masses. The lymphocytes also 
showed degenerative changes, and many abnormal cells which could not 
identified were present the films. Jolly* repeated the experiments Muratet 
and Fauré-Fremiet, using both dogs and rabbits, and administering the dichlo- 
roethylsulfide both inhalation and subcutaneous injection. His results were 
less consistent than those the previous workers, but study the figures 
obtained seems show rather constant diminution leucocytes after injec- 
tion; with inhalation the results were variable. 

observed severely gassed human cases leucopenia with relative 
lymphocytosis developing after several days. 

Stewart,® study the blood changes six fatal cases poisoning with 
mustard gas, found initial polymorphonuclear leucocytosis, followed 
rapid fall the total and neutrophil count, beginning the 3rd 4th day, 
and reaching extremely low figure (200 500) before death. The leucopenia 
ascribed acute failure the leucoblastic function, without associated ery- 
throblastic failure. histological study the bone marrow included the 
report. 


Winternitz, C., Finney, P., and Wislocki, B., American University 
Expériment Station, Monograph No. Washington, 2nd edition, 1918, 389. 

L., and Fauré-Fremiet, Confidential Report the French Gas 
Service. 

Jolly, Confidential Report the French Gas Service. 

Report the Interallied Gas Conference, Paris, 1918. 

Stewart, J., Report cases poisoning “mustard gas” (dichlorethyl- 
sulphide) with special reference the histological changes and alterations 
the leucocyte count, Report the Chemical Warfare Committee, Great Britain 
Med. Research Com. Rep., No. 17, 1918. 
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Krumbhaar’ also reported series human mustard gas cases whom there 
after the initial leucocytosis, marked leucopenia, persisting even 
the presence the complicating bronchopneumonia. Moderate anemia, without 
blast formation, and apparent decrease the number platelets were also 
Postmortem examination the bone marrow showed “greater 
less disappearance normoblasts, myelocytes and adult only 
dial cells and remaining. Krumbhaar’s observations offer con- 
vincing evidence systemic effect severe cases mustard gas inhalation. 
highly improbable that the leucopenia and other blood changes were due 
complicating influenzal infections, inasmuch practically all these gas cases 
previous the development the influenza epidemic. 

his study the clinical pathology mustard gas poisoning, 
finds leucopenia any time,” the changes observed being slight secondary 
anemia with well marked polymorphonuclear leucocytosis, definite eosinophilia, 
and the appearance myelocytes and young forms leucocytes. The value 
Hermann’s observations lessened the fact that none the eight cases 
‘upon which his report the blood changes based, was the blood examined be- 
fore the 10th day after gassing, and that only one his cases was fatal, and 
the majority mild character. 

Warthin and Weller® studied the effects subcutaneous and intravenous in- 
jection dichloroethylsulfide series rabbits and dogs. The toxic symp- 
described are salivation, diarrhea, depression temperature, and increased 
rapidity respiration followed slowing. With large doses animals, after 
‘short period nervous excitement, die within few hours coma with gradual 
failure respiration. The gross lesions, apart from the local effect, consist 
general passive congestion all organs with minute hemorrhages, emboli, and 
infarctions. The only specific changes are more less severe catarrhal enteritis 
with corresponding microscopic findings. striking microscopic feature the 
presence hemorrhages and pigmented phagocytes great numbers the 
tissue. Intravenous injections (dose 0.0075 0.18 cc.) are followed, 
quiescent period, general convulsions, opisthotonos, irregular jerking 
movements, salivation and lacrimation, and fall temperature. The animal 
passes into coma, and there gradual respiratory and cardiac failure. Patho- 


Krumbhaar, B., Réle the blood and the bone marrow certain forms 
gas poisoning. Peripheral blood changes and their significance, Am. 
Med. Assn., 1919, 39. 

Hermann, R., The clinical pathology mustard gas (dichlorethylsulphide) 
poisoning, Lab. and Clin. Med., 1918-19, iv, 

S., and Weller, V., The general pathology mustard gas 
(dichlorethylsulphide) poisoning, Lab. and Clin. Med., 1919, iv, 265; also 
Researches the pathology mustard gas (dichlorethylsulphide) poisoning, 
Contributions from the Pathological Laboratory, University Michigan, 
1918-19, ix. 
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logically, there are found dilatation the right side the heart, congestion, 
petechia, hemorrhages the lungs, and general congestion other viscera. 
have found reference Warthin and Weller’s papers changes the circu- 
lating leucocytes bone marrow except the general that animals 
exposed direct application the gassing chamber may show, among other 
effects, anemia, leucocytosis leucopenia.” 


The following report deals with the effects the intravenous in- 
jection dichloroethylsulfide rabbits. have given special 
attention the alterations the blood picture and the blood- 
forming organs, since these were the most striking the results 
observed. 


Technique. 


Method Injection.—Difficulty was first experienced obtaining 
suitable for injection. the earlier experiments the given 
amount per cent alcoholic solution weight dichloro- 
ethylsulfide was suspended 0.85 per cent salt solution, shaken vig- 
orously, and immediately injected, after allowing the larger globules 
settle out. The dose administered was, therefore, considerably 
less than the total amount taken. Later was found that more 
satisfactory suspension could made emulsifying per cent 
alcohol distilled water. slightly emulsion was obtained 
which after shaking did not separate out the time necessary for 
injection. The suspension was prepared from recently made, ac- 
curately weighed per cent solution absolute alcohol, and imme- 
diately injected avoid hydrolysis. The dichloroethylsulfide used 
was distillate from the contents German yellow cross shell and 
was actively vesicant. 

Dose.—We have not attempted determine accurately the 
minimum lethal dose. was found the earlier experiments 
that the limit tolerance was the neighborhood 0.01 gm. per 
kilo, and the last six rabbits used uniform dose 0.005 gm. per 
kilo was chosen. 


10Warthin, S., and Weller, V., The general pathology mustard gas 
(dichlorethylsulphide) poisoning, Lab. and Clin. Med., 1919, iv, 266. 
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Symptoms. 


Emaciation and Loss symptoms were noted all 
the rabbits which survived for days more after the injection. 
all but one animal (Rabbit loss weight only 100 gm.) this was 
associated with diarrhea, and perhaps was due it. 

Nervous Symptoms.—These were observed only Rabbits 
which died hour, hours, and during the night following injection. 
The animals showed extreme restlessness, incoordinate movements, 
retraction the head, and transient spasticity, but definite 
paralyses convulsions. 

Respiratory Symptoms.—No definite characteristic respiratory 
symptoms were observed even animals dying few hours after the 
injection, which the occurrence pulmonary embolism might 
have been suspected. 

Intestinal Disturbances.—Diarrhea occurred six animals, all 
but one associated with the finding gross lesions the intestinal 
tract autopsy. The feces were copious, fluid, dark brown, and not 
grossly admixed with blood mucus. 

Edema.—Edema the ears wide extent invariably followed 
injection, even when great care was taken avoid introducing the 
material outside the vein. would appear that the dichloro- 
ethylsulfide diffused readily through the vessel wall. was also 
observed that after the injection was begun area blanching, 
involving the neighboring skin over width several centimeters, 
once appeared. persisted for few minutes after the injec- 
tion, after which the normal circulation was restored. 


Pathology. 


Respiratory Tract.—Of twelve rabbits injected, four showed definite 
pulmonary lesions (Nos. 5). All these animals died were 
killed within period from hours following the injection, 
and none the eight animals surviving over hours showed sig- 
nificant gross microscopic lesions. 

The changes observed were (1) irregular areas edema, part 
fibrinous; (2) areas atelectasis and emphysema; and (3) accumula- 
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tions leucocytes the capillaries, often showing caryorrhexis and 
fragmentation, and slight emigration into the alveoli. The trachea 
and bronchi were normal except that they contained homogeneous 
coagulum. found the capillaries larger vessels. 
The small pulmonary arteries were thick walled and appeared con- 
tracted. Clear vacuoles were seen beneath the endothelium. The 
significance this finding not clear somewhat similar pictures 
may seen normal animals. 

is, course, not possible conclude from the histological find- 
ings that dichloroethylsulfide eliminated the pulmonary epithe- 
lium; the other hand, support found for the view that the 
lesions are the result capillary embolism due impaction 
dichloroethylsulfide globules. The fact that animals which survived 
for longer period showed pulmonary lesions might suggest that 
the edema the result direct and immediate action the 
dichloroethylsulfide upon the pulmonary capillaries. 

Alimentary Tract.—No lesions were found the esophagus. Rab- 
bit showed hemorrhages into the pyloric portion the stomach and 
the duodenum. the remaining rabbits, three (Nos. and 
had severe diphtheritic enteritis affecting the middle lower por- 
tion the intestine. Rabbit showed also patches membranous 
inflammation the Rabbit also had diphtheritic 
colitis, but this proved coccidial origin. Seven rabbits were 
free from lesions the intestinal tract. 

Liver.—The liver showed significant changes. 

Nervous detailed study has been made. Neither 
capillary thrombosis nor hemorrhage was found. 

Kidneys.—Definite changes were present only the kidneys 
Rabbits and The capsular spaces contained hyaline globules 
and occasionally red blood cells. Hyaline material was also present 
about the blood vessels the intermediate zone between cortex and 
pyramids. Blood cells and hemoglobin (?) casts were found the 
collecting tubules. The urine was not examined. 

Blood and Hematopoietic System. General 
the observations previous workers upon the blood changes follow- 
ing the administration dichloroethylsulfide had yielded somewhat 
conflicting results, was decided undertake detailed study 
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small series rabbits, eliminating far possible incidental factors 
which might influence the blood picture. these incidental factors, 
variations the surrounding temperature were found the most 
disturbing. When rabbits were exposed temperature from 
40-50°C. for hour, the total leucocytic count showed tendency 
fall, although there were individual exceptions. Counts made 
shortly after removing the animals from the warm chamber room 
temperature invariably showed abrupt and striking 
rise (Table I). After this point had been established, the rabbits 
were kept the laboratory during the observation period and fol- 
lowing the injection order avoid sudden chilling abrupt 
temperature change. Daily counts were made approximately 
the same time a.m.) before food was given. The differential 
counts are based upon enumeration 500 cells, except when the 
extreme leucopenia made this impracticable. spite the usual 
precautions unexplained variations occurred which made difficult 
draw conclusions the percentile fluctuation. making the 
counts blood was always taken from the ear not used for injection. 
When both ears had been used, small cut was made the skin 
the abdomen and blood taken from one the superficial abdom- 
inal veins. least two counts were made each rabbit before 
injection. 

other work prevented detailed study 
the numerical variation the erythrocytes. Preliminary observa- 
tion (Rabbit showed significant change. There were strik- 
ing morphological changes pointing marked anemia, except, 
perhaps, the occurrence moderate anisocytosis the terminal 
stages. Polychromatophilia not infrequently seen films from 
normal rabbits. Rabbit 13, during the period which recovery 
from the effects injection was taking place, showed numerous 
normoblasts—an indication that the erythroblastic tissue had suf- 
fered injury, well the leucoblastic. Histological study the 
bone marrow and spleen affords further evidence the toxic action 
dichloroethylsulfide upon the formation red blood cells, which 
will described. 

all but two rabbits (Nos. and 12) those surviv- 
ing more than hours, there occurred after single injection 0.005 
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0.01 gm. dichloroethylsulfide per kilo pronounced fall the 
number circulating leucocytes. these two rabbits second injec- 
tion the same dose after and days respectively was followed 
the typical reaction. The leucopenia was preceded transient rise 
only one rabbit (No. 7), but should noted that counts 
were made short periods following the injection. Although 
degenerated leucocytes with poorly staining and fragmented nuclei 
and vacuolated cytoplasm were occasionally found films, they were 
infrequent, and even the presence extreme leucopenia the 
rare leucocytes present the films were usually normal morpho- 
logically. Blood platelets were found all stages and showed 
alterations. regards the behavior the different types leuco- 
cytes, study these data shows that some instances the injection 
followed absolute and percentile increase the polymorpho- 
nuclears, which fall rapidly with the onset the leucopenia. the 
terminal stages the polymorphonuclears practically disappear from 
the peripheral blood. the other hand, sometimes initial fall 
the number and percentage polymorphonuclears followed 
absolute and relative increase. This secondary rise asso- 
ciated with the appearance unripe forms considerable numbers 
(Rabbits and 13), and coincides with regenerative activity the 
bone marrow, shown study sections from rabbits killed 
this stage. The accompanied relative lymphocytosis. 
The absolute number lymphocytes diminished the later 
stages and lags behind that the granular cells the cases which 
regeneration occurring. percentile increase the large 
mononuclear cells, but their absolute number unchanged 
diminished. 

The data showing the alterations the blood count are presented 

Bone Marrow.—Although the appearance the marrow varies 
different animals, there evidence the destructive effect the 
dichloroethylsulfide upon the blood-forming elements. The 
observed can correlated with stages injury and repair, 
and these again are reflected more less closely the blood pic- 
ture during life. The following brief descriptions will illustrate the 
different phases observed. 
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Rabbit died days after injection. the time death the 
leucocyte count had fallen 800, which per cent were poly- 
morphonuclears. The marrow the femur contains large amount 
adipose tissue, the fat cells being separated loose edematous 
tissue containing less than the normal number cells. The leuco- 
cytes the granulocyte series are almost without exception degen- 
erated. The cytoplasm sections stained with Wright’s stain 
(normal control) shows granules. The nuclei stain diffusely and 
are frequently fragmented. The megacaryocytes also show degen- 
erative changes. Some contain clumps pink-staining, hyaline 
material their cytoplasm. There are islands apparently normal 
erythroblasts. The blood sinuses are wide and intensely congested 
with normal appearing red blood cells. contain practically 
nucleated elements. The appearances are interpreted indicating 
active injury the bone marrow. The toxic action seems 
have affected especially the granular cells. 

Rabbit died days after second injection dichloroethylsul- 
fide. the last days had fallen 800, film the 


peripheral blood showing very few nucleated cells, which were almost 


exclusively large and small mononuclears. Sections the marrow 
show extreme aplasia, comparable with that seen experimental 
benzene poisoning. Myelocytes, polymorphonuclears, and mega- 
have practically disappeared. There are loose collections 
normoblasts scattered through the edematous fat tissue. Occa- 
sional globular fragments chromatin, often enclosed phagocytes, 
represent the remains the destroyed cells. The sinuses are con- 
gested and contain leucocytes (Fig. 1). 

Rabbit was killed the 7th day following second injection. 
The leucocytes which had fallen 1,000 the 3rd day after in- 
jection then rose 1,400 and 2,100, and the same time large 
numbers myelocytes appeared the peripheral blood. The his- 
tological picture shows the effect previous injury and the 
same time active regeneration. The predominant cell type the 
myelocyte, the granules which are definite and well stained 
Wright’s preparations. There are also fair number adult poly- 
morphonuclears. The myelocytes are congregated islands, are 
also the erythroblasts. Megacaryocytes are numerous and are not 
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degenerated. There are many mitoses. The marrow the whole 
less cellular than normal marrow, and new fat cells are process 
formation. There much hemosiderin pigment, chiefly intra- 
cellular, which may taken evidence previous blood 
destruction. 

After the first injection Rabbit there ensued fall the 
leucocytes from 37,000 2,700 the 4th day. This was apparently 
followed active regeneration. ‘The count rose again 32,400, 
followed slight drop 25,400. this point second injection 
was given, which again was followed marked leucopenia, the 
leucocytes falling 300 per which point the rabbit was 


SEPT. 9 10 12 13 1415 16 17 18 19 1% 13 14 15 16 17 18 
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Variations the total leucocyte count after the intravenous 
injection 


killed. The marrow histologically shows evidence initial in- 
jury, followed repair and fresh destruction the regenerating 
cells. ‘There are large areas almost complete aplasia, similar 
that described Rabbit But there are also hyperplastic areas, 
composed aggregates large cells with poorly staining nuclei, 
which, under the high power, are found distorted and obviously 
degenerating. would seem that these hyperplastic foci have been 
again injured the second injection the toxic substance. 


The text-figures include only the animals which blood counts were made 
during preliminary period. The fluctuations produced abrupt change 
the surrounding temperature are omitted. 
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the follicles—fragmentation lymphoid cells 
with phagocytosis chromatin particles—were seen only Rabbits 
Both these animals died within less than hours after 
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SEPT OcT. 


Variations the total after the intravenous 
injection dichloroethylsulfide. 


injection. the remaining rabbits the follicles were normal, 
least showed signs either active destruction excessive pro- 
liferation. sinuses the majority the rabbits contained large 
mononuclear cells laden with blood pigment. The most striking 
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change, however, was the paucity free cells the meshes the 
reticulum. ‘The sinuses were separated strands cells with pale 
oval nuclei, evidently belonging the reticular elements. 

Lymphoid two rabbits (Nos. and which showed 
acute destruction the lymphoid cells the splenic follicles also 


No. leucocytes 


24,000 


Text-Fic. Variations the total leucocyte count after the intravenous 
injection dichloroethylsulfide. 


showed cytolysis the lymphocytes the thymus and the intes- 
tinal lymphoid tissue. 

Because the great susceptibility the small thymus cells and 
the tissue lymphocytes generally injurious agents, are not 
inclined regard this specific effect the dichloroethylsulfide, 
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particularly was not present when the destruction the bone 
elements was extreme. 

The injury the blood-forming tissues described bears close 
resemblance the well known action benzene, with the possible 
difference that the erythroblastic tissues appear less seriously 
injured than they are with the latter substance. had been ascer- 
tained that the Germans were using nitrobenzene and chlorobenzene 
solvents for dichloroethylsulfide shell fillings, and, indeed, the 
distillate used our experiments was said have contained 
proportion estimated roughly from per cent these 
benzene derivatives. Although were not able find state- 


JULY 15 16 67 18 19 20 21 22 23 2% 25 26 27 28 29 30 15 16 17 18 19 202) 22 23 24 25 26. 27 28 293503) 


Variations the total leucocyte count after the intravenous 
injection nitrobenzene and dichloroethylsulfide. 


ments the literature the leucotoxic action chlorobenzene 
and nitrobenzene, doubt naturally arose whether the effects 
which observed might not have been attributable the admixture 
these solvents, rather than the dichloroethylsulfide itself, al- 
though the minute amounts contained the doses injected made this 
rather improbable. The armistice prevented further control experi- 
ments that time. Recently, however, one has been able 
perform additional experiments small series rabbits, which 
make clear that the toxic action upon the leucocytes and bone mar- 
row due the dichloroethylsulfide, and not possible admixture 
chlorobenzene and nitrobenzene. 
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preliminary period observation two rabbits were injected 
intravenously with 0.15 and 0.2 cc. nitrobenzene respectively— 
doses approximately fifteen and twenty times large the total 
dose dichloroethylsulfide used the original experiments. 


Variations the total leucocyte count following the intra- 
venous injection chlorobenzene and dichloroethylsulfide. 


No. of leucocytes 
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12,000 
11,000 
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Variations the total leucocyte count following the intravenous 
injection chlorobenzene and dichloroethylsulfide. 


neither the rabbits did leucopenia develop. After days, during 
which time the animals gained weight and showed symptoms, 
they received intravenous injection 


The sample used was obtained Dr. Winternitz from the American Uni- 
versity, and was stated free from nitrobenzene and chlorobenzene. 
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TABLE II. 


Date. Substance injected. 


1919 


“ 


“ 


16; 
24, 11.10 a.m. 
0.1 cc. chlorobenzene in- 
travenously. 
27, 
0.01 cc. dichloroethylsulfide 
intravenously (0.009 gm. 


per kilo). 
“ 31 
Aug. 
July 15, 11.30 a.m. 
16, 

0.15 cc. nitrobenzene in- 
travenously (1.5 cc. 
per cent solution abso- 
lute alcohol plus cc. 
distilled water). 


2.35 0.01 cc. dichloroethylsulfide 
intravenously (0.007 gm. 
per kilo). 

29, 
30, 9.30 


No. leucocytes. 


6,175 
6,600 
7,500 
4,750 


3,680 
5,500 
10,250 
10,400 
7,900 


4,800 
2,850 
450 


6,500 
7,400 
8,100 
6,250 


5,300 
6,200 
6,300 
5,650 


3,500 
800 


Weight. 


gm. 
1,600 
1,650 
1,530 
1,670 
1,540 
1,500 
1,470 
1,450 
1,430 
Found 
dead. 
1,630 
1,730 
1,790 
1,620 
1,620 
1,550 
2.30 p.m. Killed. 
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TABLE 


Date. Substance injected. No. leucocytes. Weight. 
1919 
15, 12.30 p.m. 8,300 
8,850 
10.30 a.m. 6,400 1,720 
0.2 cc. nitrobenzene intra- 
venously. 
0.01 cc. dichloroethylsulfide 6,100 1,770 
intravenously (0.007 gm. 
per kilo). 
(counted from Killed. 
heart’s blood). 
10,450 
11,300 
13,900 
11.30 a.m. 8,900 2,000 
0.05 cc. chlorobenzene in- 
travenously. 


0.02 cc. dichloroethylsulfide 
intravenously (0.012 gm. 


per kilo). 
Aug. 1,10.15 300 1,900 
>200 1,760 
Killed. 


each rabbit the injection was followed the typical leucopenia 
(Text-fig. Table II). 
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Two rabbits also were injected with chlorobenzene, the doses used 
being 0.1 and 0.05 cc. respectively. One these rabbits before 
injection showed slight leucopenia (4,750 per c.mm.), and the 
following day the leucocytes fell 3,680; they then rose slightly 
above normal and remained so. The other rabbit showed sig- 
nificant fluctuation. days after the first injection each rabbit 
received intravenous injection dichloroethylsulfide, the dose 
being 0.009 and 0.012 gm. respectively, and this was followed the 
typical reaction. The leucocyte counts are shown Text-figs. 
and and Table II. 

These experiments, though not numerous, are clear-cut, and seem 
rule out definitely the possible part played the benzene deriva- 


tives producing these striking effects upon the blood-forming 
organs. 


CONCLUSIONS. 


The lethal dose dichloroethylsulfide (distilled from German 
yellow cross shell), when injected intravenously into rabbits, from 
0.005 0.01 gm. per kilo. 


Rabbits dying within hours showed extensive hemorrhages 
and edema the lungs. 


Severe lesions the intestinal tract were present about one- 
third the rabbits. 

Dichloroethylsulfide injected intravenously specifically poi- 
sonous for the hematopoietic tissues. Severe lesions are caused 
the bone marrow, and the number circulating leucocytes mark- 
edly diminished. animals surviving the injection regeneration 
occurs. The granular cells the bone marrow seem more sen- 
sitive than the lymphoid cells and the erythrocytes. 

The effect upon the blood and hematopoietic tissues not due 
the admixture nitrobenzene chlorobenzene the shell fill- 
ing. Injection these substances animals amounts many 
times greater than the total dose dichloroethylsulfide used pro- 
duced changes the blood picture, and the subsequent injection 


dichloroethylsulfide free from these solvents produced typical 
reaction. 
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EXPLANATION PLATE 10. 


Fic. Rabbit Bone marrow femur days after the second injection 
0.005 gm. dichloroethylsulfide. The sinuses ves.) are widely dilated and 
filled with erythrocytes. They contain practically nucleated cells. The endo- 
thelial cells (end.) are preserved. are scattered megacaryocytes (mg.) 
with darkly stained nuclei. There are also degenerating cells with fragmented 
chromatin (pyc.). Myeloblasts, myelocytes, and adult granulocytes all types 
have disappeared, and there are only occasional small mononuclear elements. 
The space between the sinuses occupied adult and immature fat cells (f.). 
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(Pappenheimer and Vance: Intravenous injections of dichloroethylsulfide. ) 
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The problem the causative agent epidemic influenza, and 
especially that the importance Pfeiffer’s Bacillus until 
recently generally believed the infecting organism this dis- 
ease, seems still far from solution. late, much attention has been 
directed the search for filterable virus, and success has been 
reported number independent workers. and 
Cunha, Magalhaes, and Fonseca,’ and Gibson, 
Bowman, and have reported transmission the disease 
filtrates, and von Cunha, Magalhaes, and Fonseca, 
Bradford, Bashford, and and Gibson, Bowman, 
and Connor® have cultivated minute filterable organisms. 

The influenza bacillus has been relegated many the position 
mere secondary invader, with pneumococci and streptococci, 
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Riviére, D., Compt. rend. Acad., 1918, clxvii, 606. 
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The problem the causative agent epidemic influenza, and 
especially that the importance Pfeiffer’s Bacillus influense, until 
recently generally believed the infecting organism this dis- 
ease, seems still far from solution. late, much attention has been 
directed the search for filterable virus, and success has been 
reported number independent workers. and 
Bowman, and have reported transmission the disease 
filtrates, and von Cunha, Magalhaes, and Fonseca, 
Bradford, Bashford, and and Gibson, Bowman, 
and Connor® have cultivated minute filterable organisms. 

The influenza bacillus has been relegated many the position 
mere secondary invader, with pneumococci and streptococci, 
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though others, because the frequency with which they have found it, 
for other reasons, believe some way primarily concerned. 
influenza virus disease, now seems likely, may that the 
influenza bacillus has primary relation toit. However, this cannot 
yet asserted fact, for gradually the possibility gaining recog- 
nition that familiar organisms, supposedly fixed morphology, may 
assume filterable phase. The work Hort and and 
typhus fever, Rosenow, Towne, and 
Nuzum and his and others with streptococci polio- 
myelitis, Hort and his meningitis, and the uncom- 
pleted work one certain lesions probably due fungi, 
all point the same direction. Further, starting with pure cultures 
ordinary bacteria, and have reported, though incom- 
pletely, the production filterable phase, possibly comparable with 
the filterable organisms mentioned, that showed immediate tend- 
ency revert the bacterial form. described, they seem 
different from the parent organisms the viruses are from Hort’s 
bacillus typhus fever, the streptococcus, the meningococcus, 
Bacillus 

The possibility that the Pfeiffer organism may, accordance with 
Hort’s hypothesis, assume such filterable phase has already been 
and the virus developed should prove the cause influenza, 
important that this recognized. For this reason special 
interest attached the question the morphologic stability 


Hort, C., and Ingram, Brit. Med. J., 1914, ii, 15. 

Hort, C., Brit. Med. J., 1915, 673, 826. 

Mathers, G., Am. Med. Assn., 1916, 1019. 

Rosenow, C., Towne, B., and Wheeler, W., Am. Med. Assn., 
1916, 1202; Med. Research, 1917, xxxvi, 175. 

Nuzum, W., and Herzog, M., Am. Med. Assn., 1916; 1205. Nuzum, 
W., Am. Med. Assn., 1916, 1437. 

Hort, C., Lakin, E., and Benians, C., Brit. Med. J., 1915, 541; 
Roy. Army Med. Corps, 1916, xxvi, 153. Hort, C., and Caulfield, 
Roy. Army Med. Corps, 1916, xxvii, Hort, C., Brit. Med. J., 1917, 

Wade, W., Philippine Sc., Section 1918, xiii, 165. 

F., and Smith, R., Agric. Research, 1916, vi, 675. 

Brit. Med. J., 1918, ii, 665. 
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the organism. The observations described show that 
unstable, that the familiar bacillus but simple form organism 
capable complex development. probably little signifi- 
cance that the most radical development seen has occurred only 
association with certain bacteria, and that other bacteria have appar- 
ently the opposite, degenerative, effects. view the possibilities 
that arise from these observations, and because will impossible 
for the near future extend them the degree that seems 
desirable, are led make preliminary report this 

Our bacteriological findings during the influenza epidemic strongly 
indicated that the Pfeiffer bacillus plays important part the 
disease. Accordingly, have made attempts from time time 
determine, possible, the essential factors influencing its pathoge- 
nicity. reported the effect simultaneous injection 
Bacillus and streptococci pneumococci into white mice. 
Since lacked animals necessary duplicate the experiments, 
essayed determine the effects cultivating these organisms to- 
gether fluid media. the same time attempt was made 
determine whether filterable stage might produced bouillons 
the synthetic media and Smith, with and without 
added blood (hemoglobin) extract. The developmental morphologic 
changes that appeared certain these first cultures were sur- 
prising that more extensive series observations this feature 
was made, other questions being left for future work. 


Organisms Used. 


The organisms used are typical strains the influenza bacillus, 
obtained from autopsies. Though now relatively saprophytic some 
respects, they are scarcely less exacting media requirements than 
immediately after isolation, growing not all non-hemoglobin 
agar, poorly cool mixed blood agar, well 58-65°C. 
agar, and very luxuriantly, with large, grayish colonies, hot mixed 
(80-90°C.) agar. After the preliminary experiments with single 
strain (Strain two others were chosen for parallel tests. 


The more detailed report will appear the Philippine Journal Science. 
S., Kitasato Arch. Exp. Med., 1919, iii, 85. 
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routine precaution against possible contamination all were twice tube- 
seeded. 

Morphologically, Strain from blood agar tends short plump 
forms, often coccobacillary, and Strains and longer, rather 
thin, often stiff looking bacilli. However, all three may induced 
assume all the typical forms the influenza bacillus. 

The pathogenicity these strains subcutaneous inoculation 
monkeys now very low, much less than when first isolated. Poison 
production, described has been determined Strain 
the others have not been tested. 


Media. 


The essential media used were beef infusion bouillons made with 
Witte’s peptone and sodium chloride various concentrations. Syn- 
thetic media proved unsuitable. The blood extract used was made 
thoroughly laking sheep horse blood, cc. per 100 cc. distilled 
water, heating this 80° 85°C., and while hot precipitating the 
proteins with strong hydrochloric acid. The suspension produced 
was filtered, first through gauze and then paper, and the filtrate 
reduced about per cent too acid, and sterilized filtration 
repeated heating 65°C. 


Seed. 


Heavy hour growths hot blood agar were used for 
inoculation. Material from Rothberger’s neutral red agar was 
usually not satisfactory. The growth was removed scraping 
and heavy suspensions were made saline solution; 0.1 0.2 cc. 
this was generally used for inoculating ordinary tube culture. 
Cocci for growth association were grown suitable blood agar 
for hours and suspensions made saline solution. 


Growths Pure Fluid Cultures. 


Macroscopic has usually given heavier, more 
diffuse, less distinctly flocculent growths than the others. rule, 
the densities have corresponded directly the amount blood 


Parker, T., Am. Med. Assn., 1919, 476. 
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extract present and, above certain point, inversely the concen- 
tration peptone and salt. mixture equal parts blood 
extract and normal strength bouillon growths are fairly heavy; 
similar mixture with double strength bouillon they are heavier and 
more diffuse. With lesser concentrations blood extract greater 
concentrations peptone and salt they are usually progressively 
less. 

Microscopic has given little the filamentous 
growth these cultures; the forms developed have rule remained 
largely bacillary. ordinary films nothing important seen 
except occasional element evidently branching. 
Congo red films these are well demonstrated (Figs. The 
filamentous tendency seldom evident Fig. segmentation 
usually taking place promptly. 

Round, spore-like bodies that structurally are comparatively deli- 
cate are also produced. the density and rigidity that pre- 
serve the morphology ordinary bacterial elements through the 
process drying and heat fixation, they are usually greatly injured 
ordinary films. rule, they are likely dismissed shrunken 
involution forms. They are well demonstrated the Congo red 
films, where the background evidently sets before the bodies dry out 
sufficiently shrink. Here they usually measure approximately 
1.5 microns, often grading down small coccoid granules, and 

Conidial bodies are apparently produced three ways: (1) 
direct transformation from short bacillary elements; (2) terminal 
knobs (Figs. simple rods short branches that might 
likened conidiophores (Fig. 9); and (3) simple lateral buds 
(Figs. and 18). Though usually single and round, even the 
smaller masses are not infrequently compound and lobulate (Figs. 
and 3). 

These bodies very clearly act fungous spores, giving rise one 
(Figs. and 8), two (Figs. and 9), and sometimes even three 
offshoots. The offshoots are generally elongated, but sometimes 
develop entirely rounded buds (Figs. and possibly 9). The 


Benians, C., Brit. Med. J., 1916, ii, 722. 
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bodies are therefore analogous the conidiospores many species 
any strictly bacterial (non-fungous) organism. There evi- 
dence that these elements function spores the bacteriological 
sense. 

Strains and have exhibited one time another all the forms 
described. However, they tend discard quickly the more bacterial 
forms, developing filamentous masses that often become very complex 
(Figs. masses are seldom more than suggested 
Strain (Figs.5and6). Similar, but extremely small, closely branch- 
ing and budding complexes form the chief type growth all strains 
high concentration. 


Growths Association with Other Organisms. 


Work with the organism growing association with other bacteria 
has not been extensive with pure cultures. However, the 
changes seen indicate that this phase the problem greater 
interest. Mixed directly ordinary bouillon with pneumococcus, 
rapid degeneration occurs, the bacillus completely disappearing 
few days. the other hand, with the strains streptococcus used 
most the experiments remarkable development takes place. 
This has been traced from day day, with all three strains, through 
the forms previously described the most extreme clusters strictly 
fungous growth shown Figs. Here the long, more less 
frequently branching filaments and the numbers laterally formed 
conidial bodies are particularly striking. 

peculiar feature the frequent appearance the imperfectly 
defined material seen Fig. lying between the conidial 
bodies. This usually absent but may abundant. Lobulate 
growth frequently seen large masses (Figs. and 21) evidently 
developed from conidial bodies. masses sometimes attain 
appearance suggestive certain yet unpublished observations made 


For discussion the validity this term over Streptothrix, Actinomyces, 
Nocardia, etc., see, Merrill, D., and Wade, W., Philippine Sc., 1919, 
xiv, 67. 
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one the work that led the formulation the 
plasm” hypothesis. would interest determine whether 
this type growth could progress indefinitely. 


Cultivability Described Forms. 


need not emphasized that none the described forms due 
involution, but result from active growth the organism adapta- 
tion influences the medium. this adaptation the ordinary 
agar from fluid cultures have remained sterile, though was evident 
that the original cultures were not dead, since they subsequently 
became more turbid through further growth. 

There seem distinct stages the depression cultivability. 
Within day two the organism, originally growing luxuriantly 
hot blood agar, produces only small, comparatively delicate growths 
subcultures. later subplant from the fluid culture may develop 
only minute, almost imperceptible colonies that are found made 
rather short, extremely fine, irregular bacilli, usually finely 
beaded; these are often suggestive the leprosy bacillus; another 
day the area scraped over getting material for the original film 
shows distinct haze, also made these fine bacilli. Subplants 
from this give light growths more typical influenza bacilli, and 
further subculturing the usual heavily growing type recovered. 
Both processes have been observed several times. 

few attempts have been made perpetuate the fungous growth 
the fluid media, but thus far subcultures have not developed 
any great extent. 


DISCUSSION AND SUMMARY. 


has been found that three different strains organism sup- 
posed Bacillus influenze will, under certain conditions, abandon 
the usual bacillary form and grow frank fungus, morphologically 
the Discomyces type. Under other conditions they show less 
modification, the most striking feature then being the production 
conidiospores, bodies type not found true bacteria. That 
this organism may not the true Pfeiffer bacillus conceivable, 
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course, but considering the source, morphology, ordinary cultural 
characteristics, and the poison production the one strain tested, 
consider this highly improbable. Further, are confident that 
the cultures not contain any contaminating organisms, may 
suggested. short, believe that have been dealing solely 
with the true Pfeiffer bacillus. 

While these observations are considerable interest contri- 
bution the biology the bacteria this general type cannot, 
course, predicted that they will prove any significance 
regards the true causative agent epidemic influenza. Experi- 
mental work with this organism, apparently negative far repro- 
ducing true clinical influenza concerned, has been carried out with 
the bacillary form exclusively. may found that its physiological 
capabilities another phase are essentially different. This 
general biological law and there evident reason why should 
not hold true here. 

remains determined whether the relatively high, complex 
forms described have any relation those that occur while the 
organism lives among other organisms the respiratory mucosa 
acts tissue invader. While seems improbable that they should 
develop the animal body, that while the organism living 
parasite, least possible that the bacillus may, under some 
conditions, undergo some analogous least similarly radical 
modification. this supposition true its cultivability might well 
quite different from that its bacillary phase, which event 
might present abundance and yet not found ordinary 
cultures recognizable films. 

But the more important problem would appear whether 
can assume simpler phase. If, some believe, some the infec- 
tious bacteria and fungi can this, whether minute, filter- 
passing, formed elements more less amorphous (“sym- 
substance, organism that capable 
remarkable range morphological development upward 
might well the other extreme from the mean, bacillary stage. 
Whether not this occurs and under what conditions are 
questions that deserve thorough investigation. 
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EXPLANATION PLATES. 
Photomicrographs unstained organisms Benians’ Congo red films. 
PLATE 11. 


Figs. are from day pure culture Strain blood extract bouillon. 
1,000. 

Formation terminal conidial bodies; one long segmenting form; 
ordinary bacillary forms. 

Fic. One element with lobulate terminal conidial mass. 

Fic. lateral mass; terminal conidium; free conidium. 

Fic. conidium; terminal conidium; ordinary bacillary forms. 

Two adjacent conidia, one with single offshoot, the other with two; 
irregular forms. 

Fic. Budding conidium; irregularly branching forms. 

Fic. Giant conidium; small conidium with two offshoots. 

Fic. Repeatedly branching growth, arising from two-sprout conidium. 
Preparation for segmentation evident. 

Fic.9. Strain from day culture with streptococcus, ordinary meat 
infusion bouillon. Conidium with two small buds; branching form, one portion 
being effect conidiophore; associated streptococci present. 1,000. 

Fics. to12. Strain from day pure culture favorable blood extract 


bouillon. Irregular compact growth-complexes, with short filamentous develop- 
ment. 750. 


12. 


with streptococcus. Various stages filamentous growth and the develop- 
ment conidia. Fig. two filaments have become intertwined one 
point. Fig. seen growth-complex the branch from the main fila- 
ment. Fig. the contrast between the mother conidium and the nearby 
lateral bud striking. The mass Fig. unusual, illustrating extreme 
filamentous growth with numerous conidial bodies peculiar indefinite 
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METHOD STANDARDIZING BACTERIAL 
SUSPENSIONS. 


FREDERICK GATES, M.D. 
(From the Laboratories The Rockefeller Institute for Medical Research.) 


(Received for publication, October 23, 1919.) 


When bacterial suspensions are used vaccines serum 
reactions necessary desirable determine their concentration, 
least approximately. Many methods have been advocated. The 
bacterial count per cc., the weight the moist dried bacterial 
substance, the capacity platinum loop, the opacity various 
bacterial chemical suspensions, the volume the sedimented 
organisms, all have served standards various methods 
determining concentration already described. The more accurate 
methods involve much time and labor; the simpler ones give only 
rough approximation bacterial content. 

wire loop gradually pushed down into suspension 
organisms test-tube (Text-fig. and viewed looking down 
into the tube through its mouth, the depth which the loop dis- 
appears will determined the opacity the supervening column 
suspension. two suspensions the same organism are compared 
this manner, longer column the thinner suspension will 
required effect the disappearance the loop. The lengths the 
columns may measured and compared, and the measurements 
might interpreted terms bacterial concentration suitable 
standard were determined. Tests with such instrument show that 
with little practice the length the column bacterial sus- 
pension that will just hide the loop (the depth disappearance) can 
measured with considerable accuracy. For example, with sus- 
pensions such opacity that the loop disappears between 
and cm. below the surface, the zone most accurate measure- 
ment, disappearance can read within mm. repeatedly, 
error less than per cent. Within certain limits, neither 
the diameter the test-tube nor the size the wire loop affects 
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the readings appreciably. Even the laborious method 
the organisms the accepted error often twice great. the 
relation the depth disappearance the concentration could be- 


The simplest form the apparatus used measure the depth: 


determined, this would seem quick and simple method 
standardizing bacterial suspensions with minimum apparatus. 
and manipulation. 
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might supposed that suspension containing 1,000 million 
bacteria per cc. caused the loop disappear cm. below the 
meniscus and this suspension was diluted contain 500 million 
bacteria per cc., the loop would disappear cm., or, other 
words, that the opacity solution would vary directly with its 
concentration inversely with the depth disappearance the 
wire loop. ‘This found not the case. the second instance 
the loop will disappear some distance less than cm.; for ex- 
ample, 2.8 3.3 3.6 cm. discrepancy due the 
presence each reading constant which must eliminated 
subtraction order bring the readings into ratio with the 
bacterial concentrations. 


The constant appears function the size and opacity the indi- 
vidual bacteria the suspension. Two portions suspension starch 
grains cold water, one which has been heated boiling, give two parallel 
series readings upon successive dilutions, but the constant with the heated 
specimen larger than that with the unheated one, corresponding increase 
size and translucency the starch grains the heated suspension. Sub- 
traction its own constant from each series brings the corresponding readings 
together and thus indicates that the heated and unheated specimens contain 
the same amount starch, which is, course, the case. 


While this constant the same for any series readings the 
same suspension, varies with each suspension examined. The 
problem, therefore, eliminate the constant and bring 
opacity and concentration into accord. practice this easily 
done. 

series readings taken suspension successive dilutions 
and plotted graphic form with the readings ordinates and the 
corresponding volumes will found lie approximately 
line. reality lies along flat curve that approaches 
straight line the suspension further diluted. the original 
concentration the suspension such that the loop visible 
distance greater than cm., the error introduced assuming that 
successive readings fall along straight line not appreciable. For 
purposes illustration, therefore, the straight line may em- 
ployed, Table The line plotted Text-fig. A—A. 
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Table represents series readings bacterial suspension 
taken dilutions obtained adding one, two, three, and four 
volumes the diluent the original volume the suspension. 
Inspection the readings shows that they are not the same 
ratios each other the corresponding volumes are. But 
constant quantity, this instance 0.5, subtracted from each 
reading, the remainders fall into direct ratios with the volumes, 
seen Table Similar results are obtained from the graph. 
the straight line projected across the zero abscissa crosses 
ordinate distance 0.5 cm. line B—B parallel A—A 
and passing through the zero point cuts each volume abscissa 0.5 
cm. below the corresponding observed reading for that volume. The 


TABLE 
Unit volumes. Depth disappearance. Constant. Corrected readings. 
0.6 
=41.8 
2.4 
3.0 


corrected reading, divided its volume, each case the tangent 


the angle alpha, and the corrected readings are therefore the 


same ratios each other their corresponding volumes. 

not necessary plot the readings even find the constant 
order subtract and eliminate it, even though 
found differ with each suspension examined. Each the ob- 
served readings single suspension the sum the corrected 
reading and the constant. the successive observed readings 
etc., and the constant Then the corrected readings 
are —m, etc. any corrected reading sub- 
tracted from subsequent one the constant cancelled from the 
equation, 
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and the remainder the difference between the observed readings. 
Obviously the converse also true and the difference between any 
two observed readings equals the difference between the correspond- 
ing corrected readings. convenient choose such dilutions 
the suspension that the difference between successive readings 


The ordinates represent the depth disappearance cm. 
wire loop suspension bacteria. The abscisse represent the correspond- 
ing successive dilutions the suspension. A—A, observed readings, 
d,e. corrected readings, from which the constant has been eliminated 
subtraction. The corrected readings stand equal proportion the corre- 
sponding volumes, 


and may therefore used determine the concentration the bacteria per cc. 
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each instance equal the corrected reading for the original con- 
centration the suspension. most easily explained from the 
graph. Reference Text-fig. shows that since angle alpha equals 
angle beta, tan alpha equals tan beta, 


Then 
and 
then 


When two observed readings are considered, the difference 
whose volumes equals the original volume the suspension, then 
the first, subtracted from the second, will give the corrected reading 
for the original volume the suspension (Table 


TABLE II. 
Volumes. Volume Observed readings. 


thus seen that the corrected reading for any suspension, 
which its concentration may compared with that standard 
suspension the same organism, may found making reading 
the suspension, adding equal amount the diluent, making 
second reading, and subtracting the first reading from the second. 
Any error observation considerably reduced, however, the 
suspension diluted several times instead once before the second 
reading made, and consideration the equation 
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that any dilution the suspension may used obtain the 


corrected reading concrete example will illustrate the 
point. 


Suppose that given suspension whose volume cc. (vol the 
loop disappears depth 1.2 cm. =1.2). The suspension then diluted 
adding, for example, cc. the diluent, that the total volume now 
cc. (vol 8). Let the second reading 3.6 cm. 3.6). Then, sub- 
stituting the equation, 

The corrected reading for the concentration the given suspension 0.8 cm. 
Now this corrected reading may directly compared with corrected readings 
other suspensions the same organism. suspension whose corrected 
reading 1.6 cm. contains half many organisms per cc.; one whose corrected 
reading 2.4 cm. contains one-third many. this connection should 
remembered that the value obtained for a—m applies the original suspension 


‘before the dilution required the test. the diluted test 


used for any purpose its corrected reading may obtained from the equation, 


several suspensions the same organism are simply 
compared with one another further calculations are necessary. 
many instances, however, permanent standard desirable and 
convenient translate the opacity into terms accepted 
standard, such the weight dried bacterial substance the num- 
ber organisms per cc. The bacterial count the basis most 
widely employed, even though recognized that similar counts 
not always represent equal amounts bacterial substance, 
account variations the size the organisms under varying 
conditions cultivation. 

Given corrected reading the depth disappearance 
wire loop suspension microorganism and the corresponding 
bacterial count, better, series such correlated observations, 
reduce the error counting well estimating opacity, the 
depth disappearance standard suspension containing, for 
example, 1,000 million bacteria per cc. readily found inverse 
proportion. 
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Opacity standard suspension (unknown) given suspension (millions per cc.) 
Opacity given suspension (in cm.) Count standard suspension (1,000 millions) 


The opacity (depth disappearance) standard suspension 
1,000 million bacteria any species having been thus determined, 
the number organisms per cc. any suspension such bacteria 
may readily calculated from the same equation. complete 
example follows. 


Suppose that the readings quoted page 111 were made suspension 
normal type meningococci. has been found that 1,000 million normal menin- 
suspension the loop disappears 1.2 cm. When this suspension diluted 
cc. the loop disappears 3.6cm. The corrected reading for this suspension 
then 

(3.6 1.2) 


which, substituted the equation above, gives 


4.2 


The suspension under examination contains 5,250 million meningococci per cc. 


Several simple forms apparatus have been used measure the 
depth disappearance. The first observations were made with 
loop No. nichrome wire thrust through cork, Text-fig. 
and measured with centimeter scale laid against the test-tube. 
more convenient instrument, which has proved sufficiently accurate 
for ordinary use, shown Text-fig. 


wire test-tube clamp (a) soldered cm. piece mm. (inside 
diameter) brass copper tubing slotted the middle receive the free 
end small coiled spring (c) which presses against cm. length glass 
tubing (d), holding the tubing place, but allowing raised lowered 
freely the tube. narrow paper centimeter scale (e), reading upward, 
sealed within the glass tubing, which surmounted stub heavy walled 
rubber tube hold the end the No. gauge nichrome wire loop (g). Iron 
wire may used, but rusts and flakes off when repeatedly wet and heated. 
Nichrome chromel wire retains its black color and unaffected repeated 
use. The free end the wire bent right angles into small circle, that 
lies horizontally the center the test-tube opposite the zero point the 
centimeter scale when the instrument held the upright position. 
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use measured quantity the specimen estimated 
placed sterile test-tube, 1.6 cm., the clamp. The wire 
loop, viewed looking down into the mouth the test-tube, 


convenient modification the instrument for measuring 
the opacity bacterial suspensions. 


lowered into the suspension and adjusted until just beyond the 
limit vision through the fluid; the opacity the supervening 
column suspension just sufficient hide the loop. This 
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end-point more accurately observed than one with the loop faintly 
visible. The depth disappearance then read the centimeter 
scale the bottom the meniscus, care being taken that the test- 
tube held perpendicularly, with the meniscus the level the 
eye. measured amount the diluent then added and mixed 
agitation, and the second reading made. The original volume 
the suspension (vol the amount diluent added (vol vol a), 
and the two observed readings and give the data for 
obtaining the corrected reading the suspension. This. 
corrected reading, comparison with the standard for the given 
organism, figured inverse proportion already demonstrated, 
gives the concentration the suspension millions organisms 
per cc. separate sterile test-tube should used for each sus- 
pension examined. The nichrome wire loop dried and sterilized 
flame. The rubber cap permits held out right 
angle for this purpose. 

The readings and the calculations, slide rule, can made 
minutes when the standard for the given organism known. 
Owing acuity vision, certain personal equation 
involved the reading the end-point, and the standards should 
worked out for each observer comparison corrected depth 
disappearance readings and the corresponding bacterial count. 
Once the standards are established, suspensions the same organ- 
ism can estimated rapidly. The method should found useful 
vaccine and serological laboratories which many suspensions 
have standardized. 


SUMMARY. 


The opacity bacterial suspension measured the length 
the column the suspension required cause the disappearance 
wire loop. simple formula the measured opacity trans- 
lated into terms the concentration bacteria per cc., and 
made comparable with that other suspensions the same or- 
ganism. instrument for measuring the opacity bacterial 
suspensions described detail. 
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